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A SERIES of papers in which the effect of choline on the deposition of fat 
in the livers of diabetic dogs and of normal white rats was discussed has been 
published quite recently from the Department of Physiology and this Depart- 
ment. In the course of these chemical studies sections of tissue for histological 
examination stained with hematoxylin and eosin, and also with Sudan III, 
have been prepared from the liver and some other tissues: (a) Of animals 
with normal fat deposits ; (6) of animals exhibiting extensive fatty infiltration 
and degeneration of the liver ; and (c) of animals in which the fatty changes 
have been prevented or caused to disappear by the oral administration of 
choline. Our interest in the fatty changes in the livers of diabetic animals 
began with the investigation of Allan, Bowie, Macleod and Robinson, the results 
of which were published in this journal in 1924. In that paper the histological 
findings in the livers and other tissues of diabetic dogs which developed fatty 
changes in the liver on a diet low in fat were described. As our findings under 
the same conditions are similar in all essential details to theirs, we are not 
including here a description of fatty changes in the livers of animals which 
have not received added fat or choline in their diet. 


METHODS AND EXPERIMENTAL RESULTS. 


The procedure adopted for the care and treatment of the diabetic dogs 
and the chemical methods employed have been described in the reports 
referred to above (Best, Ferguson and Hershey, 1933). The histological sections 
were prepared in the usual manner. A short description of the history of each 
diabetic dog and the macroscopic and microscopic report of biopsy and post- 
mortem findings are given in the following protocols. The fat estimations 
were made by the saponification method, and the values for fatty acids include 
the unsaponifiable fraction. The iodine numbers were determined by the 
Rosenmund-Kuhnhenn method. 
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Diabetic Dogs—Protocols. 


Dog. I: Diabetic. Experiment Terminated while Animal in Good Condition. 


Female, weighing 12°3 kg., was depancreatized March 31st, 1932, after which it was given a 
diet of lean meat 300 g., cane sugar 100 g., and insulin 12 to 22 units (usually 16) daily. The 
glycosuria for the first three weeks averaged 60 g. daily, and the last three weeks 18 g. Weight 
decreased gradually, to reach 10°52 kg. just before death. The dog appeared to be in excellent 
health. Experiment terminated May 17th, 1932. . 

Post-mortem.—The gross examination revealed an apparently normal dog with a minimum of 
scarring due to the pancreatectomy. The liver was smooth and dark red in appearance. On 
section the macroscopic appearance of the liver and other organs was normal. 

Microscopic report.—Sections from the liver stained with hematoxylin and eosin presented 
an appearance of slight degeneration. This was evidenced by the thinning of the cell contents, 
the granular appearance of the remaining cytoplasm and the poor staining quality of the cell 
contents. The nuclei and cell membranes, however, stained clearly and presented a normal 
architecture. Cells indicating an inflammatory reaction were absent. The Kupffer cells, bile- 
ducts and blood-vessels appeared normal. Sections of the tissue cut while frozen and stained 
with Sudan III revealed fine droplets of fat in many of the cells of the central vein area (Fig. 1). 
Sections from the heart, aorta, lung, thyroid, spleen and adrenal were normal. The kidney 
sections showed streaks of degeneration, as evidenced by columns of swollen, granular, deeply- 
stained cells running from the cortex to the medulla. Some of the glomeruli appeared to be 
swollen. No evidence of an inflammatory reaction was noted. Some of the loops of Henle, 
when stained with Sudan III, showed that a fatty degeneration had occurred in them. 

Chemical report.—The liver.contained 2°34 p.c. total fatty acids, with an iodine value of 98. 


Dog. II: Diabetic, on Diet Rich in Fat. Fatty Degeneration of Liver Apparently a Cause of Death. 


Female, weighing 9°4 kg. after pancreatectomy on March Ist, 1932, was placed on a diet of 
lean meat 300 g., cane sugar 100 g., insulin 8 units. The average daily sugar excretion was 2°8 g. 
On March 29th, 1932, the diet was changed to lean meat 300 g., cane sugar 100 g., beef dripping 
20 g., insulin 8 units. During the next few days diarrhea occurred, and the fat feeding occasionally 
was omitted. At other times larger amounts of fat were ingested, but since vomiting occurred 
the amount retained cannot be stated. The figures for sugar excretion during this period are 
meaningless, due to the diarrhoea and vomiting. May Ist, the dog appeared very ill, the body- 
weight was 8°3 kg., appetite was poor. May 6th the food was refused. The fat was omitted 
from all subsequent feedings. The dog continued to be critically ill, and died May 10th. 

Post-mortem.—In the gross nothing remarkable was noted other than that the liver was very 
large, pale yellowish brown in colour, and bile-stained in places. On section it was friable and 
greasy. 

Microscopic report.—Sections from this liver stained with hematoxylin and eosin (Fig. 2a) 
showed a loss of the normal architecture due to the rupture of many cell membranes. The nuclei 
usually stained clearly, but the cytoplasm of these liver-cells was nearly all replaced by large 
round vacuoles which frequently displaced the nuclei. The distribution of these vacuoles was 
fairly general throughout the liver lobule and the liver as a whole. There was no demonstrable 
increase in phagocytic or inflammatory cells. Staining with Sudan III showed these vacuoles 
to be large fat-globules which had accumulated in the liver-cells and in many cases seemed to 
have been freed from the cells, probably during the staining procedure (Fig. 28). Sections from 
the lung, spleen, thyroid, adrenal, coronary artery of the heart and aorta were normal. The 
sections from the kidney, however, showed many glomeruli swollen and packed with cells, the 
convoluted tubules in many cases were degenerated, ragged in appearance and poorly stained. 
The loops of Henle and collecting tubules likewise were degenerated in places, the cells lining 
them appearing vacuolated. Scattered through the cortex were fairly large round or oval empty 
spaces with no inflammatory reaction about them. Frozen sections stained with Sudan III 
showed these same empty spaces. No fat was noted in any of the glomeruli, but fairly large 
amounts were present in parts of the convoluted tubules, collecting tubules and loops of Henle. 
The amounts varied from a few fine droplets in the cells lining these ducts to an almost complete 
replacement of the cell contents with fat-globules. No increase in fat was noted in the heart, 
aorta or other arteries. 

Chemical report.—The liver contained 26°3 p.c. total fatty acids, with an iodine value of 71. 
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Dog III: Diabetic. No Added Fat in Diet ; Choline Administered. 


Female, weighing 12°6 kg., was depancreatized January 12th, 1932, and placed on the usual 
diet, lean meat 300 g., cane sugar 100 g., and insulin 12 units daily. Her weight remained between 
10 and 10°5 kg. The urinary sugar varied between 1 and 3 g. daily. On February 16th the 
insulin dosage was reduced to 6 units and the urinary sugar remained at 1 g. daily. February 
23rd the dog began vomiting and this continued for four days. Her weight decreased and she 
appeared ill and distressed. March Ist, 0°5 g. choline was given, and this dose was continued 
daily until March 10th. Her weight at that time was 9°1 kg. The choline was increased to 1°5 g. 
daily, the insulin dosage and diet remaining the same. During the next month the dog gained in 
weight, appeared much better, and the daily urinary sugar excretion increased from less than 1 g. 
to 26 g. On April 11th the experiment was terminated. 

Post-mortem.—The dog appeared normal with the exception of moderate scarring due to 
pancreatectomy. The liver was normal in appearance, having a smooth surface, and was dark 
red in colour. On sectioning the same colour was noted, with here and there fibrotic areas about 
the vessels. The biliary tract was not obstructed, and the gall-bladder contained a small quantity 
of bile. The remainder of the organs presented, in the gross, no noteworthy abnormality. 

Microscopic report.—The sections from the liver stained with hematoxylin and eosin showed 
a mild degree of degeneration throughout the whole liver lobule (Fig. 34). This was evidenced 
by the granular appearance and thinning of the cell contents. The cytoplasm did not stain as 
readily as in specimens from normal animals. The cell membrane and nuclei, however, stained 
clearly. Sparsely scattered throughout the liver were clear round spaces where the cell contents 
had been dissolved. No evidence of an inflammatory reaction such as leucocytes or congested 
capillaries was noted. Sections cut while frozen, stained with Sudan III (Fig. 38), showed these 
clear round spaces to be large globules of fat. Very few of the other liver-cells contained fat 
globules. The sections from the kidney showed normal glomeruli, which usually completely 
filled Bowman’s capsule. The cells of the proximal convoluted tubules showed a mild degenerative 
change in that their inner borders were ragged, and in many cases the cells were vacuolated.. 
Certain of the cells lining the collecting tubules and loops of Henle showed degenerative changes 
in that they were more deeply stained with eosin than is usual in normal specimens. No inflam- 
matory cells were noted. Frozen sections stained with Sudan III showed no fat-granules in the 


proximal tubules, but in many of the collecting tubules fat-globules filled the cells. Sections from 
the lung, spleen, adrenals and heart were normal in appearance. The coronary arteries of the 
heart and the aorta showed a moderate amount of intimal thickening with calcification. The 
thyroid was colloid in type, with a few areas between the follicles where the cells had increased 
greatly in numbers. The artery accompanying the thyroid showed nodular endarteritis with 
calcification. 

Chemical report.—The liver contained 3°7 p.c. total fatty acids. 


Dog. IV: Diabetic. Received Added Fat in Diet, Choline Administered. 


Female, weighing 16°16 kg. on June 8th, 1932, after being depancreatized was placed on a 
diet of lean meat 300 g., cane sugar 100 g., and was given 12 units of insulin daily. The urinary 
sugar for the first few weeks was over 50 g. daily. On September Ist her weight was 9°4 kg., 
and the urinary sugar had decreased to less than 1 g. daily. Beginning September 6th, 1°5 g. 
choline were given daily. September 12th, weight was 10 kg., and 2°25 g. choline were given. 
September 24th her diet was changed to include 20 g. fat, and insulin 5 units daily. The glucosuria 
remained less than 1 g. On October 18th the animal, having received 2°25 g. of choline daily 
since September 12th, the experiment was terminated. At that time she was very thin, but 
bright and active. 

Post-mortem.—The appearance was that of a normal but very thin dog. The liver, weight 
260 g., appeared smooth, and had a normal dark red colour. The other organs were apparently 
normal. 

Microscopic report.—The sections of liver stained with hematoxylin and eosin showed collec- 
tions of lymphocytes around certain of the bile-ducts. In some areas the bile-duct epithelium 
seemed to be proliferating, giving one the impression of a solid core of bile-duct cells. The 
remainder of the liver was normal in outline and structure, though the cytoplasm stained very 
lightly, and the cell contents seemed scanty and granular. A frozen section stained with Sudan III 
showed small fat-droplets in a few scattered cells (Fig. 4). In a few of the cells the protoplasm 
was replaced by a large globule of fat. Sections from lung, spleen, heart, aorta, adrenal and 
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thyroid were normal. The kidney sections showed scattered clear spaces as though some watery 
collection had been present, but had disappeared during the staining process. Some of. the 
tubules and loops of Henle showed a degenerative condition. With Sudan III staining, many of 
the collecting tubules and loops were seen to be filled with fat. The aorta and other arteries 
showed no fatty degeneration. 

Chemical report.—The liver contained 1°94 p.c. total fatty acids, with an iodine number of 112. 


Dog V: Diabetic. Liver Samples Removed at Various Stages, Choline Was Administered. 


Female, depancreatized May 17th, 1932, and placed on a diet of 300 g. lean meat, 100 g. cane 
sugar, insulin 12 to 16 units daily. The sugar excretion was at first very high, over 50 g. daily, 
but this decreased until by August 15th it was approximately 6 g. daily. Weight June 6th, 
13°8 kg., August 15th, 10 kg. 20 g. of fat were added to the diet on September 21st, and the 
insulin dose was maintained at 16 units. Vomiting soon made it necessary to decrease the fat 
to 10g. Later the amount was raised to 20 g. The glycosuria decreased further until less than 
1 g. per day was excreted. Choline, 1°5 g. daily, was added to the diet on October 3rd. The 
glycosuria did not increase, but the condition of the animal improved. A lobectomy on December 
6th revealed 16-4 p.c. total fatty acids, iodine value 65. Added choline was then eliminated from 
the diet, and on January 3rd the liver fat was 20°6 p.c., iodine value 57. Choline 1°5 g. daily 
was given and, in the absence of what we considered an adequate dose of choline, approximately 
1 g. daily of betaine was provided as well. (Betaine has an effect similar to that exerted by choline 
on fat deposition in the livers of white rats.) On March 6th, weight 9°3 kg., sugar excretion less 
than 1 g. daily, liver fat 6°7 p.c. The animal recovered splendidly from the fourth partial 
hepatectomy, but 24 days later she became ill and died from an unknown cause. 

Microscopic reports.—The sections taken December 6th and January 3rd (Fig. 5a) revealed 
a very fatty liver. In these the liver parenchyma had been almost entirely replaced by large 
round clear spaces. The portal vein areas of the lobules could still be identified, though they 
appeared flattened and much distorted. The number of fibroblasts and leucocytes in these 
areas was abnormally large. The Sudan III stain revealed that these vacuoles contained fat 
(Fig. 58). With the exception of certain of the portal vein areas, no signs of a phagocytic or 
inflammatory type of reaction were noted. 

The section taken March 6th presented a different appearance (Fig. 5c). There were still 
scattered here and there large round vacuoles and areas where the liver-cells had been destroyed 
by the fatty changes, but most of the tissue consisted of granular poorly stained liver-cells which 
were apparently recovering from the previous intense fatty degeneration. The Sudan III stain 
(Fig. 5p) showed that many of the large fat-globules were still present, but the number was very 
much less than in the first two sections. 

The section taken March 30th at the post-mortem revealed a different picture again (Fig. 58). 


DESCRIPTION OF FIGURES. 
Fie. 1.—Dog 1: Section of liver showing normal amount of fat. Drawing, Sudan III. 
Fie. 24.—Dog 2: Section of liver from diabetic dog receiving fat but no choline. Photo- 
micrograph, H. & E. 
Fic. 28.—Dog 2: Drawing, Sudan III. 
Fie. 3a.—Dog 3: Treated with choline. Photomicrograph, H. & E. 
Fic. 38.—Dog 3: Treated with choline. Drawing, Sudan III. 
Fie. 4.—Dog 4: Treated with choline. Drawing, Sudan III. 
Fie. 5a: Dog 5: Photomicrograph, H. & E. 
Fie. 58.—Dog 5: Fat in diet, no choline. Drawing, Sudan III. 
Fie. 5c.—Dog 5: Fat plus choline. Photomicrograph, H. & E. 
Fic. 5p.—Dog 5: Fat plus choline. Drawing, Sudan III. 
Fic. 5e.—Dog 5: Section secured at autopsy. Photomicrograph, H. & E. 
Fie. 6a.—Rat liver: Fat and no added choline. Photomicrograph, H. & E. 
Fic. 68.—Rat liver: Fat and no added choline. Drawing, Sudan III. 
Fie. 7a4.—Rat liver: Fat and choline. Photomicrograph, H. & E. 
Fic. 78.—Rat liver: Fat and choline. Drawing, Sudan III. 
Fie. 8.—Rat liver: Cholesterol in diet. Drawing, Sudan III. 
Fie. 9.—Rat liver: Cholesterol plus choline in diet. Drawing, Sudan III. 
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At this time large areas of the liver parenchyma had regained their normalstaining characteristics. 
The liver cords, however, were separated by dilated capillaries and by areas of beginning fibrosis. 
The portal areas seemed compressed and filled with all kinds of phagocytic and inflammatory 
cells. Apparently the débris from the previous degeneration was being carried away, and liver 
regeneration was occurring. 


Chemical report.—December 6th 16°4 p.c. total fatty acids with iodine number of 65. 
January 3rd 20°6 ‘i net 57. 

March 6th 67 -s re T7'2. 

» 380th 32 e 74:6. 


EXPERIMENTS ON RATS. 


Although considerable histological study has been made in experiments 
of which the chemical results have been published previously (Best and Hunts- 
man, 1932), we considered it advisable to conduct another experiment to provide 
fresh preparations for histological study. Accordingly a series of 10 rats, 
3 weeks old, were placed on the usual diet containing 40 p.c. beef dripping. 
Five of the number also received 70 mg. of choline daily. After 3 weeks’ 


feeding they were killed, and the organs examined chemically (Table I) and 
histologically. 


TABLE I.—Chemical Findings in Livers of Rats. 


P.c. total fatty acids. Diet including— 
15-4 ; Beef fat 
15:9 P ae 
12:7 
15-2 
24-5 ; - 
4-6 A and choline 
3:8 
4-6 
4] 
4:3 


* Denotes the animals from which the sections shown were taken. 


Microscopic sections were prepared from the livers of all the animals. The 
sections from which the drawings were made were taken from the liver of each 
series which had the -highest fat content. Values considerably higher than 
24-5 p.c. are sometimes obtained in experiments of this type. 


Histological Findings. 
Fat without Choline. 


Post-mortem.—The animal appeared healthy, but on opening the peritoneal cavity the liver 
was found to be considerably enlarged and of a yellow clay colour. The surface had a nutmeg 
appearance, and on section the pulp appeared increased in amount and greasy. The other organs 
appeared normal. 


Microscopic report.—The section of liver stained with hematoxylin and eosin presented a 
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vacuolated appearance (Fig. 6a). The liver-cells were more or less filled with fine to moderate- 
sized vacuoles. The blood-vessels, bile-ducts and Kupffer cells appeared normal. No evidence 
of an inflammatory type of reaction was noted. The sections of liver stained with Sudan III 
showed these vacuoles to be fat-droplets (Fig. 68). The average size of these droplets was much 
smaller than in the sections from dogs’ liver. Nothing noteworthy was found in the sections 
from the other organs. 


Fat with Choline. 


Post-mortem.—In the gross all the organs appeared normal. 

Microscopic report.—The sections of liver treated with hematoxylin and eosin appeared to 
stain normally (Fig. 74). The arrangement of cells, blood-vessels, Kupffer cells and bile-ducts 
was quite normal. Staining with Sudan III (Fig. 78) showed a few fine droplets of fat here and 
there in the liver cytoplasm. The other organs were apparently normal. 


Cholesterol and Choline. 


The effect of choline upon the livers of cholesterol-fed white rats has been 
reported by Best and Ridout (1933). Histological studies were made on a 
number of these animals. The findings were essentially similar to those 
obtained with rats receiving high fat diets with or without choline. A marked 
increase in the fat content of the livers was noted in those given cholesterol 
alone, whereas figures that were normal or closely approximating normal 
were obtained in the rats receiving choline with the cholesterol. Descriptions 
are given here of two rats which are representative of the two groups, (a) 
those receiving cholesterol, and (b) those receiving choline in addition to 
cholesterol in their diet. ' 


(a) Cholesterol diet.—This rat was one of a group receiving a diet containing 20 p.c. “‘ crisco ”’, 
a hydrogenated vegetable fat, and 200 mg. of cholesterol daily for five weeks. At that time 
the liver was found to be enlarged and fatty. The hematoxylin and eosin-stained sections 
demonstrated an enormous amount of vacuolization with loss of liver substance. The portal 
vein areas suffered slightly less than the other parts. With Sudan III staining the marked degree 
of fatty degeneration and infiltration was established (Fig. 8). The chemical findings for this 
liver were 15 p.c. fatty acids with an iodine value of 91. 

(b) Cholesterol and choline in diet.—This rat was one of a group receiving 200 mg. of choline in 
addition to the cholesterol and “ crisco”’ as mentioned in group (A). The livers from these 
animals appeared in the gross to be normal. Sections stained with hematoxylin and eosin 
revealed a normal architecture with no large vacuoles evident. However, the cell contents 
appeared granular and “‘ washed out” in appearance. The nuclei stained in a normal manner. 

Sudan III staining showed that a considerable amount of fat as fine droplets was still present 
in the parenchymal cells (Fig. 9). These fat droplets would undoubtedly produce the degenerated 
appearance noted in the paraffin-embedded hematoxylin eosin-stained sections. 

Chemical findings for this liver were 6°2 p.c. fatty acids, with an iodine value of 104. 


DISCUSSION. 


Very little comment on these histological findings is required, since the 
fatty changes which have been described are similar in most details to those 
produced by a great variety of pathological conditions. The appearance of 
the liver of the depancreatized animal, Dog. No. 1, which was in excellent 
condition throughout the experiment, provides a control with which the fatty 
livers of other diabetic dogs, or the livers prevented from becoming fatty through 
the ingestion of choline, may be compared. The tremendous fatty infiltration 
and degeneration observed in Dog 2 is essentially similar to that described by 
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Allan, Bowie, MacLeod and Robinson. Diabetic dogs differ greatly in their 
ability to withstand the deleterious effects of fat feeding. Some are appa- 
rently unable to tolerate even 10 g. of added fat, while very exceptionally 
one is able to ingest much larger amounts for long periods of time without 
ill.effect. While we may suspect that Dogs 3 and 4 passed through a stage 
in which their livers were fatty, it may be emphasized here that the only 
certain method of diagnosing this condition is by an exploratory operation. 
In Dog 5 biopsy revealed a very fatty liver, which gave up a large part of its 
store of fat when choline was added to the diet. 

The fatty infiltration and degeneration which developed in the livers of 
rats receiving for a period of 3 weeks a diet rich in fat is much the same type 
as that observed in the diabetic dogs. Fat accumulates inside the parenchyma 
of the liver-cell. There is no evidence of it being brought to the liver or carried 
away by any type of wandering cell. The average size of the fat-droplets is 
much smaller in the rat than in the dog. 

The total fatty acid content of the liver of the diabetic dog or rat which has 
received choline may be extremely low. There is no evidence that choline 
exerts its effect by stimulating phagocytosis of fat particles. In some way it 
appears to enable the liver-cell to dispose of fat, and to avoid the accumulation 
of the large amounts which are associated with the degenerative conditions 
which we have described. It should be emphasized that this effect of choline 
applies only to diabetic dogs and normal rats under the special conditions of 
our experiments. 


SUMMARY. 


The effect of choline upon the histological appearance of the liver of 
diabetic dogs under various conditions, and of normal rats receiving a diet 
rich in fat, has been described. In some, as yet unexplained, way choline 
prevents the deposition of fat in the livers of diabetic dogs or normal rats under 
the conditions of these experiments. There is no evidence that choline affects 
the phagocytosis of fat particles. Rats which have received adequate amounts 
of choline in addition to fat exhibit no histological abnormalities in the liver- 
cells. The histological findings in the rat liver made fatty by cholesterol 
feeding and in livers from cholesterol-fed rats which received choline are also 
described. 


It is a pleasure to acknowledge our indebtedness to our colleagues, Mr. 
J. M. Hershey, Miss J. H. Ridout and Miss M. E. Huntsman for permission 
to use certain data obtained in their experiments, and to the Department of 
Medical Art for some of the illustrations used in this article. 
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IN a previous paper (Schiitze, 1932) attention was drawn to the immuno- 
logical importance of the envelope of B. pestis, a structure first observed by 
Rowland (1914). It was demonstrated that this envelope is absent when the 
organism is grown at a temperature of 20°C., begins to be in evidence at higher 
temperatures, and is fully developed at 34°C. to 37°C. It is a fragile structure, 
unstainable and casily dissolved, so that for its ocular demonstration it is 
necessary to make moist film preparations with indian ink. The envelope 
is then seen to be a large gelatinous mass surrounding each bacterium, but 
without any confining membrane, so that adjacent organisms coalesce into a 
chain or group. In a series of prophylactic inoculation experiments on rats, 
it was shown that the antigen contained in the envelope was of paramount 
importance for the efficacy of the vaccine. If the culture from which the 
vaccine is made has been grown at a temperature of 26° C. and the envelope 
production in consequence is poor, the prophylactic value is considerably less 
than if growth has taken place at 37° C., with a full development of envelope 
structure. The antigen is easily haptenized at 100° C., 15 minutes at that 
temperature rendering it incapable of evoking precipitins in the rabbit or of 
immunizing rats against a lethal dose of living plague bacilli, though it is still 
capable of acting unimpaired as antigen in vitro, e. g. with a precipitating serum. 

The object of the present experiments was to investigate more closely the 
resistance of this antigen to heat and the influence of acid and alkali upon it. 
Anti-plague vaccines, variously treated, were inoculated into rabbits and the 
subsequent development of precipitins recorded. 


METHOD OF PRECIPITIN TITRATION. 


The precipitin content of a serum was estimated by the extent to which 
the serum could be diluted, and not prove too weak to give precipitation with a 
certain strength of antigen. With envelope antigen, inhibition of the precipi- 
tation reaction occurs when the balance between antigen and antibody is 
maladjusted, that is to say, when the amount of antigen offered to the antibody 
is relatively too great. This is seen in the experiment recorded in Table I, 
where the precipitin titration was carried out by adding 2 capillary drops 
of envelope antigen, in a series of dilutions, to 5 capillary drops of serum, also 
in a series of dilutions. All dilutions were made with 0-5 p.c. phenol saline, 
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so that the tubes could remain overnight at 37° C. without fear of contamina- 
tion. The envelope antigen employed was the supernatant fluid of a centri- 
fuged saline suspension of B. pestis, grown on agar at 37° C. (one slope of a 2-day 
culture to 1 c.c. saline), which had been heated to 60° C. for half an hour and 
subsequently phenolized to 0-5 p.c. 


TaBLE I.—Titration of Envelope Antigen and Antibody. 


Antigen dilutions. 
Serum dilutions. Semi. Forse verde: ek eens : Sa ATL eee oes 
1/4. 1/8. 1/16. 1/32. 


He... <i aes . ie 
1/10. . Se . a 
ia. ieee ee . tr. 
1/20 ae) ae Ye a oe 
1/40 he ee eee 
1/80. ; sci ci pane, er hime Nie eee 


In this and subsequent tables + +, +, tr. indicate diminishing degrees of precipitation. 


The undiluted serum is capable of reacting with the antigen in its most 
concentrated form. On dilution it becomes incapable of reacting with the 
antigen unless this has been correspondingly diluted. It should be noted, 
however, that precipitation is not inhibited by too great a preponderance of 
antibody in the mixture ; diluted serum reacts no better with the lower con- 
centrations of antigen than does undiluted serum. The readings in the hori- 
zontal columns, therefore, give the titre of the antigen, no matter what strength 
of serum (within the limits of its potency) is used. The results read vertically 
record the strength of the serum, for the greater the extent of the inhibition 
zone the weaker in antibody the serum may be assumed to be. 


PRECIPITATION AND PROTECTION TESTS WITH FRACTIONS OF 
ANTI-PLAGUE SERA. 


To assess the value of this method of antibody titration it was applied in 
the examination of three anti-plague sera. The precipitin titres of these sera, 
thus established, were then compared with the passive protective values which 
they possessed, presumably, in virtue of that antibody. 

The anti-plague sera which were examined had been made in India and 
brought to England by Dr. Naidu of the Haffkine Institute, Parel (Naidu and 
Mackie, 1931). They consisted of two prepared in the buffalo and one in the 
sheep, and the euglobulin, pseudoglobulin- and Felton fractions prepared by 
Dr. Morgan at the Lister Institute, Elstree, were examined in each case. 

The passive protection test was performed by inoculating 400 million living 
B. pestis and 2 ¢.c. of undiluted serum simultaneously into opposite flanks of a 
rat. 

Though the experiments are of a preliminary nature, and intended to be 
amplified by further tests on a larger number of animals, the results which 
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TaBLE III.—Protection Test with Three Anti-Plague Sera. 


Number Total deaths on days after test dose of B. pestis. 
Serum. Serum fractions. of rats See 
a & & & @& F: & & Lo 


tested. 

oF 2 22 2°44: 4€:¢ 
5 
5 


Buffalo IV .  Pseudoglobulin 
Euglobulin 
Felton . 
Albumin 


wooo 


-_ 


Controls 


Buffalo V - Pseudoglobulin 
Euglobulin 
Felton . 


Controls 
Sheep 3l and . Pseudoglobulin 
33 


Euglobulin 
Felton . 
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Controls 


are recorded in Tables II and III indicate that the antibody titration method 
described above does give an approximately correct estimate of the strength 
of the serum. 

From Table II one can conclude that envelope antibody is contained, in 
the case of each of the two buffalo sera, for the most part in the pseudoglobulin 
fraction, while in the case of the mixed sheep serum it is to be found mainly 
in the euglobulin fraction. There is sufficient antibody in a 1/5 dilution of the 
Buffalo IV pseudoglobulin fraction and in a 1/20 dilution of the Buffalo V 
pseudoglobulin fraction to react with undiluted envelope antigen, whereas 
similar dilutions of the other fractions of these sera are incapable of causing 
precipitation with undiluted antigen. On the other hand, in the case of the 
sheep serum, envelope antibody is so concentrated in the euglobulin fraction 
that a 1/10 dilution reacts with undiluted antigen, while similar dilutions of 
the other fractions fail to do so. 

Table III demonstrates that those fractions which contain the most envelope 
antibody afford the best protection against a simultaneously administered 
inoculation of living plague bacilli. There is, indeed, a fairly close correlation 
between the protective values of the various fractions and their envelope 
antibody titres as recorded in Table II. One may, therefore, regard this 
method of antibody titration as sufficiently accurate to be used for the experi- 
mental comparison of sera in respect of their envelope antibody content. 


HEAT LABILITY OF ENVELOPE ANTIGEN. 


Plague vaccine, made from cultures grown on agar at 37° C. for 4 days, was 
sterilized at various temperatures, and doses of similar size were given intra- 
venously to rabbits. Six rabbits were used for each type of vaccine. After 
three inoculations the rabbits were bled and the sera were tested against a 
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series of envelope antigen dilutions for the presence.of antibodies. The experi- 
ment demonstrated clearly that vaccine heated to 56° C. retains the envelope 
antigen unimpaired (the sera of all 6 rabbits showed precipitins) ; vaccine 
heated to 70° C. for half an hour suffers considerable damage (the serum of 
only 1 rabbit showed precipitins); whilst heating to 80° C.. or 100°C. 
haptenizes the antigen completely (there was no evidence of antibody 
formation in any of the 12 animals). Ritts 


ACID AND ALKALI LABILITY OF ENVELOPE ANTIGEN. 


In view of this marked heat lability of the envelope antigen, it was of impor- 
tance, as the plague bacillus is a notable producer of alkali in culture, to test 
its heat resistance in acid and alkaline environments. Agar-grown culture was 
suspended in saline, and separate fractions were rendered more or less acid or 
alkaline by the addition of sodium hydroxide or acetic acid. These fractions 
were then submitted to various temperatures, neutralized and centrifuged, 
the supernatant fluid being tested as antigen in the usual way against an anti- 
envelope precipitating serum. The results are recorded in Table IV. 


TABLE IV.—Effect of Reaction on Heat Stability of Envelope Antigen. 


Antigen titres with an anti-envelope precipitating serum diluted 1 in 80. 

Antigen dilutions. 
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The experiment shows that envelope antigen is completely destroyed by 
N/8 sodium hydroxide acting at 60° C. for 1 hour and by N/8 acetic acid acting 
at 100° C. for 15 minutes. The alkalinity of a plague vaccine is considerably 
less than that employed in this experiment, the pH being generally little over 
8 ; the temperature used for sterilization is also the lower one of 56°C. Never- 
theless it seemed possible that the antigen, in view of its sensitiveness to an 
alkaline reaction, might suffer haptenization under these circumstances, and 
consequently be of less use for prophylactic purposes. An experiment was, 
therefore, devised to test the effect of neutralization upon the efficiency of 
plague vaccine as a producer of antibody. Rabbits were inoculated with the 
vaccines to be compared, and the resultant sera were titrated out as already 


described. 
Plague culture, grown on agar at 37° C. for 3 days, was washed off with 
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saline ; its pH was 8-0. Toa 100 c.c. sample of this suspension were added 
100 c.c. of normal saline ; to a further sample was added a similar quantity 
of saline containing sufficient acetic acid for neutralization. These suspensions 
were then sterilized at 56° C. for half an hour, after which the pH of the saline- 
diluted sample was still 8-0 and that of the acidified sample was 7-3. The count 
was the same in both cases, being 10,000 million organisms per c.c. As plague 
suspensions tend to lumpiness, samples were shaken with glass beads.to disperse 
the clumps and the bacterial counts estimated by opacity: It has been found 
that opacity tube 1 in the Wellcome scale represents 500 million bacteria per 
c.c. With each of these two vaccines 6 rabbits were inoculated. Two inocu- 
lations of 750 million and 1500 million organisms were given intravenously 
with an interval of a week, and 6 days after the latter dose the rabbits were 
bled and the serum titrated for envelope precipitins. Serum dilutions from 
1/5 onwards were tested against undiluted antigen, antibody content being 
recorded by the extent to which each serum could be diluted and still cause 
precipitation. The results together with those obtained from the same animals 
after a further third inoculation with a dose of 3000 million organisms are 
recorded in Experiment 1 of Table V. 


TaBLE V.—Antibody Formation by Alkaline and Neutralized Plague Vaccines. 


Envelope precipitin titres of sera of rabbits. 
Vaccine. pH. 
After 2 inoculations. After 3 inoculations. 


Alkaline . 80 . —,—,—,1/5,1/10,1/30  . 1/10, 1/10, 1/10, 1/20, 1/30, 
1/30 


Neutralized . 7:3 . 1/5, 1/20, 1/20, 1/40, 1/40, . 1/30, 1/30, 1/30, 1/30, 1/120. 
1/60 1/240 


Alkaline Pee: f : 
Neutralized . 6 . 1/16, 1/16, 1/16, 1/16, 1/32, 
1/32 : 


1/4, 1/8, 1/16, 1/16, 1/16* 


* One rabbit died during experiment. 


Experiment 1 demonstrates that neutralization before sterilization markedly 
conserves the potency of the vaccine. The alkalinity of the unneutralized 
suspension obviously damaged its antigenic efficiency, for while only 1 of the 
6 rabbits inoculated with untreated vaccine achieved, after two inoculations, 
a titre of 1/20 or higher, no less than 5 of the 6 rabbits given neutralized 
vaccine reached or exceeded this level. The results after three inoculations 
were of the same order. Only 2 of the animals inoculated with alkaline 
vaccine reached a titre of 1/30, whereas all 6 of the other group did so. 

The experiment was then repeated with other rabbits and a fresh pair of 
vaccines which had final reactions of pH 7-8 and pH 6-7 respectively. The 
results, as shown in Experiment 2 of Table V, confirm those of Experiment 1. 


DISCUSSION. 


Envelope antigen has been shown to be readily haptenized by exposure to 
heat. Half an hour’s heating at 70° C. so damages the antigen that it is almost 
incapable of producing precipitins in the rabbit. Its sensitiveness towards 
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acid and alkali is indicated by the fact that N/8 acetic acid, acting at 100° 
C. for 15 minutes, completely destroys the antigen, and that N/8 sodium 
hydroxide does the same after 1 hour at 60°C. Less complete damage results 
from slighter degrees of alkalinity, such as are present in most anti-plague 
vaccines, and from lower temperatures as used in their sterilization. Three 
days’ agar-grown culture of B. pestis suspended in saline will have a pH of 
8-0 or over. After sterilization at 56° C. for half an hour, the efficiency of the 
product as an antigen capable of evoking antibody in the rabbit is consider- 
ably lowered. This can be avoided by neutralizing the vaccine with acetic 
acid before sterilization. After such treatment the average precipitin titre 
obtained will be twice or four times that obtained with the unneutralized 
vaccine. These experiments suggest that a similar increase in the prophylactic 
power of the vaccine would also result if its antigen were protected from the 
damaging effect of an alkaline environment. 


SUMMARY. 


1. The examination of three anti-plague therapeutic sera has demonstrated 
that envelope antibody is contained chiefly in the pseudoglobulin fraction of 
buffalo serum and in the euglobulin fraction of sheep serum. 

2. The protective values of such sera against a simultaneous subcutaneous 
dose of living B. pestis are correlated with their content of envelope antibody 
as recorded by the precipitin test. 

3. The envelope antigen of B. pestis readily suffers damage by heat. After 
heating to 70° C. for 30 minutes it retains but little power of producing anti- 
bodies in rabbits, whilst it is completely haptenized by heating to 80° C. for 
15 minutes. 

4. The sensitiveness of this antigen to alkali is indicated by its complete 
destruction by N/8 sodium hydroxide acting for an hour at 60° C. N/8 acetic 
acid achieves the same result after 15 minutes at 100° C. 

5. Plague vaccine, whether broth or agar grown, generally has a pH of 
over 8-0. Sterilization of the vaccine by heating to 56° C. at this reaction 
reduces its power of evoking precipitins in rabbits, but such damage may be 
prevented by neutralizing the vaccine before sterilization. It is suggested that 
this sensitivity of envelope antigen to alkali may be of importance in the 
production of prophylactic anti-plague vaccines. 
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Tue following investigation was carried out to discover whether there is 
present in the serum or plasma of an immune or resistant mouse any property 
or substance which affects in vitro the growth of the same or of another tumour, 
or of normal tissue, and also whether repeated inoculations of such mice have 
any effect upon the quantity of the substance, if such exists. 

The literature published between 1913 and 1929 on the subject of immunity 
has been fully reviewed and discussed by Woglom (1929), while the knowledge 
gained by the application of tissue culture methods to the problem has been 
summarized by Craciun (1931). 

A survey of the literature shows that the presence of a homologous trans- 
planted tumour does, sometimes at least, alter the host’s blood in some way, 
although there is a diversity of opinion as to what the change consists of, and 
that the reaction varies according to the course followed by the tumour. One 
of the new properties is that which alters the suitability of the serum or plasma 
as a culture medium, and it has been suggested that this property may be due 
to those substances which are said to be present in tumour extracts, and which 
may or may not be secreted by the macrophages. The majority of the evidence 
is against the belief that these alterations in the blood are responsible for the 
immunity or resistance of the host to the tumour. While most observers 
fail to find evidence of anti-malignant cell bodies, others consider that such 
may be demonstrated. 


MATERIAL AND METHODS. 


The mouse tumour used in the following experiments was produced in 
this laboratory by tar-painting and called the third Newcastle tumour (NT;). 
It was a spindle-celled sarcoma, and was kept alive by transplantation for two 
years and through 25 generations. The accompanying graphs show the per- 
centages of takes (Fig. 1) and of regressions (Fig 2) in each generation. The 
values, based on 30 to 50 inoculations in each generation, fluctuate consider- 
ably, but the tumour grew most vigorously from the ninth to the sixteenth 
generations. 
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The tumour was not tested for the production of concomitant immunity 
(Russell, 1912 ; Foulds, 1930). 

When the following series of experiments was begun the percentage of 
takes was 30; it rose to 100, but before completion it had fallen to about 50, 


GENERATIONS OF TUMOUR 
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Fic. 1.—The percentage of takes of NT; in each generation of the tumour, together with the 
months of inoculation. 
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Fic. 2.—The regressions of NT; expressed as percentages of the takes in each generation of the 
tumour. Months of inoculation shown. 


and finally the tumour died out. This occurred before all the projected experi- 
ments were completed, hence the results are based on fewer experiments than 
was desirable. They are, therefore, not quite conclusive, but nevertheless 
are of some interest as they stand. 

In vivo, NT; grew as a typical spindle-celled sarcoma (Fig. 3); in vitro 
its type of growth depended on the medium. In mouse-serum,.or serum and 
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Fic. 3.—Section of tar sarcoma NT; growing in vivo. Tissue fixed in Bouin and urea (Allen’s 
PFA;) and stained with Van Gieson. 

Fic. 4.—Sheet growth of NT; in serum, with scattered macrophages beyond. Forty-eight 
hours’ growth in 30 per cent. normal mouse serum and 70 per cent. Ringer’s solution, re-fed 
with 30 per cent. ‘“‘immune’’ mouse serum and 70 per cent. Ringer’s solution, and fixed 
24 hours after re-feeding. Fixative: Allen’s PFA,;. Stain: Heidenhain’s iron-alum- 
hematoxylin. 

Fic. 5.—Growth of NT; in serum, showing scattered nature of cells. The implant has fallen 
out during fixation. Eighteen hours’ growth in 30 per cent. mouse serum and 35 per cent. 
mouse embryo extract and 35 per cent. Ringer’s solution. Fixative: Allen’s PFA,. 
Stain: Heidenhain’s iron-alum-hematoxylin. 


Fic. 6.—Growth of NT; in plasma, showing typical “‘ signet ring’ appearance. Three days’ 
growth in 30 per cent. mouse plasma and 35 per cent. embryo extract and 35 per cent. 
Ringer’s solution. Fixative: Allen’s PFA;. Stain: Heidenhain’s iron-alum-hematoxylin. 


18 





210 F. C. PYBUS AND E. W. MILLER. 


embryo extract, there was very seldom any attempt to form a sheet or net- 
work of cells (Fig. 4), and the individual migrating cells usually lay scattered 
on the cover-glass ; these cells appeared to consist mainly of macrophages 
with a few fibroblasts, and mitoses were rarely seen (Fig. 5). In mouse plasma, 
with or without the addition of embryo extract, growth consisted of a close 
network of fibroblasts round the implant, with a ring of scattered macrophages 
beyond ; the macrophages could be more or less eliminated by frequent sub- 
culturing, the growth then consisting of an almost pure culture of fibroblasts ; 
mitoses were quite frequent ; after 24 to 48 hours the “ signet-ring ” (Lambert 
and Hanes, 1911) type of growth appeared in most of the cultures, owing to 
liquefaction of the medium (Fig. 6). In pure serum or plasma, growth [or 
survival and migration (Carrel, 1926a; Carrel and Ebeling, 192la, 1923a)] 
ceased after 48 hours, but in the presence of embryo extract it continued for 
longer periods. The longest period during which growth was maintained was 
17 days, the medium being mouse plasma and embryo extract, the cultures 
being changed every day or (occasionally) two days. Testis extract produced 
as good growth as embryo extract, and mouse, rat and fowl plasmas were all 
equally satisfactory media. It was not discovered which was the malignant 
element in NT;, the macrophage or the fibroblast. 

Only well-growing tumours were selected for culture in these experiments. 
The serum was obtained in the usual way, the required “immune” mouse 
being bled to death, and the blood centrifuged after standing for 15 minutes 
at 37-5° C. A normal mouse, as nearly as possible of the same age and size 
as the inoculated mouse, was bled at the same time, and the serum used as a 
control. The ages of the “immune” mouse and its control never differed 
sufficiently to bring into play age-variations in the plasma and serum (Carrel, 
1921b ; 19236). 

Since the only test for immunity lies in inoculation, it is possible that some 
of the normal mice were really natural immunes, whose true nature had perforce 
to remain undiscovered. 

For most of the experiments the medium consisted of 30 per cent. serum 
and 70 per cent. Ringer’s solution—proportions which had previously been 
shown to give optimum growth (Pybus and Whitehead, 1929). The pH of 
the medium was estimated before the cultures were put up, and, as it was 
never outside the limits of maximum growth (Drew, 1927), it was not adjusted 
(Willmer and Kendal, 1932). In some experiments the medium consisted of 
30 per cent. plasma and 70 per cent. Ringer’s solution, the plasma being 
obtained by the aid of heparin of a final strength in the plasma of 1 : 10,000 
(Craciun, 1926). 

The procedure was the same for both media, the implant being placed in 
a drop of medium on a coverslip sealed to a hollow-ground slide. Forty 
cultures constituted one experiment, 20 being put up in each medium, and 
these were examined after 24 hours and again 24 hours later, the growth being 
recorded by the method described by Willmer and Kendal (1932) and by Pybus 
and Fawns (1931). The maximum for each culture being 5, the total for the 
20 cultures was thus described directly as a percentage. In addition to forming 
a convenient scale, this method enabled the results to be submitted to 
mathematical analysis. In some of the experiments, drops of the two media 
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were place on the same coverslip, and the two cultures were thus grown in 
exactly the same environment. The results obtained did not differ from those 
got by the other method. 

No readings were taken after more than 48 hours, since that was the limit 
of life of the cultures in the absence of embryo extract ; nor was any attempt 
made to re-feed the cultures. 

It is doubtful whether, under these conditions, true growth was obtained ; 
but for our experiments it was considered sufficient to observe the relative 
extents of cell-migration in the different media. Although we noted all cases 
in which the cells formed a network in serum (that is whenever both types of 
cells appeared), it happened so seldom in both the normal and experimental 
media that we had to take the extent of macrophage migration as our criterion 
of growth in serum cultures. In plasma, the network of fibroblasts was always 
present, and the extent of that was recorded. Actually the results of the 
plasma experiments agreed very well with those of the serum cultures, the 
different types of growth in the two media being due to mechanical causes. 

In four experiments Ebeling’s (1919, 1921) method was adopted. The 
pieces of tumour were grown for a few days in medium consisting of one drop 
of mouse embryo or testis extract and one drop of normal mouse-plasma, 
the cultures being changed every 48 hours. When growth was well established 
each culture was halved as equally as possible, one half being placed in a drop 
of experimental medium and the other half in an equal drop of the control 
medium, each on separate coverslips. The growths of the two halves were 
compared at 24 and 48 hours. Although only well-growing cultures had been 
selected, growth in each medium was very poor, and controls showed this to 
be due to lack of embryo extract, so in the fourth experiment the medium 
consisted of one drop of embryo extract and one drop of plasma (normal or 
“immune ’”’). It had been intended to carry out more experiments of this 
nature had NT, not died out. Lumsden (1931) favours this method of culture, 
and adds his antisera to cultures which have been growing in vitro for some 
time. 

The mice used for the inoculations all belonged to the same strain, an 
albino strain originally obtained from Prof. F. A. E. Crew, of Edinburgh, 
which very rarely produces spontaneous tumours. 

In different sets of experiments the “immune” mice were inoculated 
several (2, 3 or 8) times. It was not possible to have them all of the same age ; 
generally they were about six weeks old when first inoculated with the tumour. 
After a sufficient time had elapsed, those mice in which no tumour had appeared 
were segregated, and when 10 had thus been collected they were inoculated 
again. In most cases no tumour appeared after this inoculation, and after 
a certain time these mice were given a third inoculation, after which, at varying 
intervals, they were bled for serum or plasma. Thus the times elapsing between 
the first and second inoculations, and between the third inoculation and death, 
varied within fairly wide limits. 

A similar procedure was adopted for mice in which the tumour regressed 
after the first inoculation. Again the periods between the disappearance 
of the tumour and the second inoculation, and between the third inoculation 
and death, varied considerably. Other variables in this case were the time 
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taken by the tumour to vanish, and the maximum size which it attained ; 
both these factors were presumably of importance as regards the amount of 
reaction produced in the mouse. 

There were two sets of experiments in which, after the original inoculation, 
each mouse received 7 successive inoculations at intervals of one week, in 
accordance with Lumsden’s (1926, 1931) method for obtaining hyperimmune 
animals for the preparation of antisera. 


DESCRIPTION OF EXPERIMENTS. 


Tables I to VIII show the results of the experiments. Each, except those 
in C, (Table VIII), consisted of 20 cultures in the experimental medium and 
20 in the control medium. Seventy-nine experiments were made, giving a 
total of 1584 cultures and the same number of controls. 

The experiment concerning growth in the serum from a mouse once inocu- 
lated, in which no tumour appeared, was not made, since it was considered 
that the non-appearance of a tumour after one inoculation may be due, not to 
the reaction of the host, but to the lack of growth-capacity of the tumour ; 
only a second inoculation can decide which is the real cause. 

It will be seen that the extent of growth varies considerably even in the 
normal medium, owing to inequalities of the tumours and to unknown variations 
in the culture-medium, such as frequently occur. This was shown quite 
clearly when, on ten occasions in different sets of experiments, two experiments 
were made on the same day, the same normal medium being used for the two 
sets of controls. It was found that the variance of the difference between the 
growth in the two sets of normal cultures was quite as great as, and in many 
experiments greater than, the variance of the difference between the growths 
in each set of experimental medium and its controls. 

Nevertheless, when the results were examined statistically it was found 
that in two sets of experiments, namely, A and G (Tables I and VII), the 
differences between the growths in the control media and in the experi- 
mental media was statistically significant. In other words, the serum and 
plasma of mice immune to NT;, and which have received three inoculations, 
are definitely stimulating to the growth of NT, in vitro; and the serum of 
mice resistant to NT,, and which have received three inoculations, definitely 
stimulates the growth of c63 in vitro. 

Table I shows that the variable factors do not materially affect the result 
in the first set of experiments. Networks of fibroblasts occurred in the 
“immune ” serum, but not in the normal! in this set and, at 24 hours, growth 
was better in the experimental medium in every experiment except two ; at 
48 hours a certain amount of degeneration had taken place in many cultures. 
Where the mice received 8 inoculations there was no apparent increase in the 
growth-stimulating action of the plasma, but these results were indefinite for 
two reasons : firstly, by that time NT, was beginning to grow poorly in vivo 
(the percentage of takes was 54, of which 42 per cent. regressed) ; and secondly, 
the immune mice, after so many inoculations, were not in good condition. 
In another experiment it was proved that in serum from a sick normal mouse, 
growth of the tumour was 20-28 per cent. less than in serum from a healthy 
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normal animal. It is known that transplantable tumours do not grow well in 
animals not in good health (Woglom, 1929), and it is of interest to find that the 
serum of such animals has a growth-inhibiting action in vitro—a fact previously 
noted by Carrel (1926) and others. 

“ Resistant ’’ serum or plasma does not invariably stimulate growth of 
NT, in vitro, as is shown in Table II. The variation might possibly be ascribed 
to the ordinary variation of growth in the sera of different mice. But there 
is an indication in the results that the time elapsing between the last inocu- 
lation and the death of the resistant mouse has a connection with the result, 
and within the limits of the experiments this seems to be the only variable 
factor of initial importance. If the mouse was bled within a certain period 
after the last inoculation (namely, from 2 or 3 weeks to 7 or 8 weeks) growth 
of NT, was rather less than in the controls ; but before or after this period, 
and up to about 5 or 6 months, growth was greater than in the controls. 
Some of the results do not confirm this theory, but in these cases it was 


TaBLE V.—k. The Growth of NT, in Serum from Mice with Growing Tumours 
(Autogenic Serum). 


Percentage of growth. Time between 


: 94 hours. Age of tumour inoculation 
Experiment. a ei mouse at death. and death. 
Normal. Tumour. In days. 


18-5 . 38°5 | 20 
26 
28 


| 2 months 
| 10 days 


1 : 
2 , 18-5 : 20-5 
3 79-0 ‘ 68-5 


found that when the graft finally became palpable, it remained so for only a 
few days, and sometimes it did not begin to grow for some time after being 
inoculated ; both of these facts suggest that these mice were almost naturally 
immune. The results obtained with hyperimmunized mice agree with the 
rest, but no apparent increase in the effect is caused by the greater number of 
inoculations. 

Table III shows that there is no inhibition of the growth of NT, by the 
sera of mice, once inoculated, in which the tumour has regressed. For about 
a fortnight after regression, growth in the “ resistant ’’ serum was equal to, 
or slightly greater than in the controls, but about 3 weeks after regression 
growth was slightly less than in the controls. The anomalous result of the 
second plasma experiment occurred in the plasma of a mouse in which the 
tumour remained palpable for a very short time indeed. In one of the experi- 
ments in which the growth-value was the same in both media, the new cells 
grew more closely to one another and were healthier in appearance in the control 
cultures, although they did not extend so far from the implant as in the 
“ resistant ’’ medium. 

In each experiment in Table IV, irrespective of the variable factors, the 
tumour grew better in the “ regressing ’’ serum than in the controls, although 
not significantly so. In one experiment, but in the regressing serum only, 
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growth occurred in the form of a network ; no growth-inhibiting properties 
were possessed by this type of serum therefore. 

From the three experiments shown in Table V, it was found that the serum 
from mice with actively-growing tumours did not prove toxic to NT, cultures. 
This was the only series in which the cultures were grown in autogenic serum, 
and even in the third experiment (in which better growth occurred in the 
control serum) the cells in the autogenic serum were of a healthier appearance 
and there was more sheet-growth than in the controls. Although the health 
of the hosts. was not visibly affected by the presence of the tumours, it is 
worthy of mention that in the third experiment the tumour had been growing 
for the longest time. 

Neither “immune ”’ nor “ resistant ’’ serum appeared to have much effect 
on normal tissue cells (Table VI). There was no evidence of an inhibitory 
action, but if that standard of significance is taken in which P is less than 0-1, 
but greater than 0-05 [Fisher’s table of t. (Fisher, 1928)], the differences between 
the growth in the “resistant ”’ serum and in the controls become significant 
at 48 hours ; thus there is a suggestion that the serum of NT,-resistant mice 
may stimulate the growth of normal fibroblasts, while that of NT,-immune 
mice has no such effect. 

Growth of c63, in the experiments shown in Tabie III, was typical in both 
media, being in the form of scattered cells (macrophages) and definite sheets, 
but (as already mentioned) the “ resistant ’’ serum proved definitely stimu- 
lating to growth. In the first and third experiments, the same media were 
used as in experiments 3 and 7 of the second group in series B ; in the experi- 
ment 3B growth of NT, was better in the “resistant ’’ serum, while in 7B 
growth was better in the controls, yet both “ resistant ”’ sera stimulated the 
growth of c63. 

The results obtained by Ebeling’s method (Table VIII) were not satis- 
factory. Growth was very poor in the absence of embryo extract, and in its 
presence any difference between the plasmas was masked. No conclusions 
at all could be drawn from this series of experiments. 


DISCUSSION. 


Although natural immunity and resistance are now considered to be but 
two grades of the same phenomenon, the differences being quantitative only 
(Woglom, 1929 ; Bashford, 1913 ; Russell, 1912), there are occasional references 
in the literature to qualitative differences believed to exist between the two 
(Gaylord and Simpson, 1916; Eastwood, 1930). 

Our experiments with the tar-sarcoma NT, suggest that there is a difference 
between naturally immune and resistant mice as regards certain properties 
of their serum and plasma. When the mice have received three inoculations, 
the serum and plasma of the immune animals [contrary to what might have 
been expected from the results of Eastwood (1930) and Korbler (1924), but in 
agreement with other work] definitely stimulate the growth of the tumour in 
vitro, irrespective of the age of the mice or any of the other variable factors ; 
the serum and plasma of the resistant mice do not have this constant effect 


on growth. 
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Without wishing to draw any definite conclusions, we should like to point 
out one interesting coincidence. Observations by other workers (Woglom, 
1929; Lumsden, 1926) have shown that there is a lag in the development of 
acquired, or concomitant, immunity in an inoculated animal; according to the 
tumour, it may reach a maximum at about the tenth day after the inoculation 
and may last for from 2 to 6 months. Grafts of tumours from one species 
of animal into another species have been known to grow for a week or 10 days 
before regressing (Woglom, 1929). Accounts of leucocytosis (Rous and Murphy, 
1912; Russell, 1912; Nakahara and Murphy, 1921; Woglom, 1929) state 
that the maximum changes occur 2 to 3 weeks after inoculation; and the 
results of splenectomy are not evident until 3 weeks after the operation 
(Woglom, 1929). Perhaps of a different order is the delayed reaction mentioned 
in Lumsden’s latest paper (Lumsden, Macrae and Skipper, 1934); there it 
is stated that the highest titre of “ antibodies” is to be found on the third 
day after the last inoculation, the curve falling rapidly thereafter until no 
antibodies are demonstrable in the serum a week later. 

Some of our results, as we have shown, suggest that, 2 to 3 weeks after the 
last inoculation, there is a slight change in the blood of the “ resistant ”’ 


host, and that this change, which is perhaps chemical or physical, or even 
(as in the case of plasma clots) merely mechanical, and which alters the suit- 
ability of the serum or plasma as a culture medium, remains for about 2 months. 
It is unfortunate that the duration of concomitant immunity (if any) induced 
by NT, is not known ; as it sometimes happened that several weeks elapsed 
between the inoculations given to our mice, if the duration were short it is 
possible that some of these inoculations were made when the immunity con- 


ferred by the previous one was waning. 

In conclusion we should like to mention certain points raised by these 
experiments. In the first place, can conditions in vivo be compared with those 
obtaining in our experiments in vitro ? 

The quantity of serum or plasma in the hanging drop is very small compared 
with the total amount in the blood of the host, while the piece of tumour in 
culture is far larger in comparison with the average size of a graft, Conse- 
quently, the amount of growth-promoting or growth-inhibiting substance (if 
it is a substance) in proportion to the tumour must be far less in culture than 
it is in the living animal, and it is doubtful whether a sufficient quantity of it 
will be present in the small drop surrounding the implant to affect obviously 
the growth of the cells. This may account for the indefinite nature of some of 
our results. 

In the second place, when a piece of transplantable tumour is inoculated 
into an animal of its own species, its subsequent development may follow one 
of several courses (Woglom, 1929). The rate of growth may be progressive 
or may diminish as the tumour increases in size ; the tumour, after reaching a 
certain size, may oscillate between narrow limits, or may regress and either 
ultimately vanish or, just as it seems about to disappear, it may increase again 
steadily in size ; or, finally, the graft may not grow at all. 

In vitro, if the conditions are comparable, one would expect to find a similar 
range of possibilities. Progressive growth should occur where the serum 
possesses the property of stimulating growth, but where it inhibits growth 
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one of three things might happen ; the serum might be so toxic that it would 
kill the whole implant almost at once; it might be mildly inhibiting and growth 
would be slowed down; or there might be sufficient toxic substances to kill 
the superficial part of the culture only, so that after a lag period, during which 
these substances would be used up or neutralized, the cells would grow out 
normally from the living portion. 

This brings us to the third point, the best method to adopt for the obser- 
vation of these effects. By our original method, only the final result of the 
effect of the serum is obtained, and it would be difficult to distinguish between 
progressive growth and the last possibility mentioned above if the lag period 
were short ; one effect of the serum might be to kill certain types of cells 
only, but although we observed no specificity of this kind it might occur, 
and would almost certainly escape observation by our methods if the cells 
migrated normally afterwards. 

Ebeling’s method is an improvement ; the starting-point is a culture of 
known growth-power, instead of many cultures of varying growth-rates, and 
the control is in every way more efficient. But again, only the final result is 
obtained (unless the cultures are observed continuously) and a large number 
of cultures should be treated, the growth being estimated at intervals. 

The ideal method seems to be one of continuous observation ; the culture, 
growing well, is placed under the microscope (which is in a warm box) and 
watched carefully while the fresh serum is applied. By this means it may be 
seen at once whether there is any specificity of action, and the duration of any 
lag period can be observed. The drawback to this method is that malignant 
cells are, as a rule, more delicate than normal cells, and refeeding is not always 
successful. 


SUMMARY. 


1. A difference has been found to exist between mice naturally immune to 
tar-sarcoma NT, and mice resistant to this tumour, as regards certain proper- 
ties of their serum and plasma. When the mice have received three inoculations 
the serum and plasma of the immune animals do not inhibit the growth of the 
tumour in vitro, but on the contrary, definitely stimulate it ; the serum and 
plasma of the resistant mice do not always have this stimulating effect on the 
growth of NT;, but may occasionally inhibit growth slightly. A similar 
difference has been found to exist between immune and resistant mice which 
have received eight inoculations each, but the effect is less definite than after 
three inoculations. 

2. The serum from resistant mice which have received three inoculations 
of NT, definitely stimulates the growth of c63 in vitro, and slightly stimulates 
the growth of normal mouse heart. The serum from immune mice which have 
received three inoculations does not affect the growth in vitro of normal mouse 
heart. 

3. No adverse effect on the growth of NT, in vitro was shown by the serum 
or plasma of mice, once inoculated with NT;, in which the tumours were actively 
growing, or were regressing; or had completely regressed. In the first two 
cases growth was, if anything, slightly stimulated. 
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4. Certain objections to the present method: of-investigation are discussed, 
and comparisons are drawn between conditions in vivo and in vitro. 
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It is known that malignant tumours often lead to definite histological 
changes in the hypophysis, and numerous explanations of this observation 
have been suggested. The possible importance of the hypophyseal hormones 
for the growth of malignant tumours has been discussed on the basis of these 
morphological findings. The literature on this subject has recently. been 
reviewed by Wyeth (1934). Furthermore, Guyer and Claus (1932, 1933) 
noted histological changes in the anterior hypophyses of albino rats bearing 
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Fic. 1.—Section of the anterior hypophysis of a rat bearing the Walker rat tumour; note the 
large vacuolated cell with eccentric nucleus in the centre of the field. 


Fic. 2.—Section of the anterior hypophysis of arat implanted with kidneys; note the resemblance 
of the large vacuolated cell in the centre of the field to that shown in Fig. 1. 
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the Flexner-Jobling carcinoma, and regarded the changes so produced as 
identical with those observed after castration. 

We have recently studied the histological appearance of the hypophysis in 
40 adult male albino rats bearing the Walker rat tumour (transplantable 
carcino-sarcoma of mammary origin). In these animals we noted the appear- 
ance, in the anterior lobes, of numerous vacuolated cells, identical with those 
described by Guyer and Claus. They are large cells with an eccentric nucleus 
in a granular cytoplasm in which, in the later stages of development, there 
appear large vacuoles filled with small granules of some precipitated material. 
It is our impression, however, that these cells are not quite identical with 
castration cells, since the vacuoles in the latter are usually much more regularly 
circular, and as a rule contain a slightly eosinophilic colloidal material. We 
feel that the changes observed in these tumour-bearing animals are similar 
rather to those observed in adrenalectomized or thyroidectomized rats, or in 
rats subjected to chronic treatment with thyreotropic extract (Collip, Selye 
and Thomson, 1934). 

In order to determine whether these changes are characteristic of the malig- 
nant growths, or whether they are due simply to toxic substances liberated 
from such necrotic material as is usually found in the centres of malignant 
tumours, we implanted 10 adult male albino rats, of the same age as those 
used in the tumour experiments, with fresh kidneys taken from other albino 
rats. These implants were made intraperitoneally at intervals of 3 to 10 days 
during a period of 49 days. Four of these rats were killed on the 18th, 34th 
and 38th days of the experiment, the remaining six being killed on the 49th 
day, having received 12 implanted kidneys each. No evidence of the presence 
of infection was found at post-mortem examination. The anterior hypophyses 
were examined histologically, with hematoxylin-eosin staining as before. 
It was found that the pituitaries of these rats showed changes identical with 
those previously recorded by Guyer and Claus in rats bearing the Flexner- 
Jobling carcinoma, and with those seen in our rats bearing the Walker rat 
tumour. Fig. 1 shows one of these vacuolated cells in the pituitary of an 
animal bearing the Walker tumour, while Fig. 2 shows a similar cell in the 
pituitary of a rat implanted with kidney material. 


SUMMARY. 


In agreement with previous workers, we have observed vacuolation and 
other histological changes in the anterior hypophyses of rats bearing a trans- 
plantable tumour. Since, however, we have produced similar changes by 
intraperitoneal implantation of kidney tissue, it is concluded’ that the changes 
produced by transplantable tumours are not necessarily related to the malignant 
growth as such, but are at least partly due to decomposition of tissue in the 
necrotic centres of the tumours. 
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IN a previous communication (McEuen and Thomson, 1933) we noted, in 
agreement. with other published work on the subject, that hypophysectomy 
retards but does not prevent the growth of a transplantable tumour in the rat. 
We drew particular attention to the fact that the total weight of the hypophy- 
sectomized tumour-bearing animals did not increase, so that the growth of the 
tumour was paralleled by a decrease in the “net” or somatic weight of the 
rat minus its tumour ; whereas in control tumour-bearing rats the decline in 
somatic weight was still evident, but did not keep pace with the rapid increase 
in weight of the tumour. This study aroused our interest in the relation 
between tumour growth and somatic growth, and led us to investigate the 
growth of tumours in rats of different ages. 

As in our earlier work, we made use of the Walker rat tumour, which has 
been regarded as a carcino-sarcoma of mammary origin; the methods of 
study were those previously described. As before, only male animals were 
used ; but instead of restricting ourselves to those 60 to 80 days of age, we 
selected rats over the widest possible range of ages and weights. The principal 
data are summarized in the Tables I and II. It will be observed that we did 
not investigate the survival of the animals, but in most instances sacrificed 
them at predetermined intervals after implantation. 

It will immediately be seen, from the tables, that the rate of growth of 
the tumour is, within the time-interval selected, apparently independent of the 
age and size of the rat which bears it, except that it is significantly less in the 
rats only 9 days old at transplantation. In the young rats, despite the high 
values of the ratio between tumour-weight and body-weight which are soon 
attained, the normal somatic tissues continue to increase ; whereas in the old 
rats there is little increase in total weight, and the growth of the tumour takes 
place chiefly, though not entirely, at the expense of the decreasing somatic 
weight. In this respect the old rats now studied occupy an intermediate place 
between the hypophysectomized animals (with constant total weight) and the 
normal animals 60 to 80 days old (still growing, but no longer at the maximum 
rate) discussed in the previous communication. 

A group of normal male rats without tumours, studied at the same time 
and on the same diet, displayed the following rate of growth: at 30 days they 
averaged 50 g.; at 47 days 118 g.; and at 68 days 170 g. These weights 
will be found to correspond closely with the final weights of the tumour-bearing 
animals at these ages in Table I. The data presented might therefore be 
described in a sentence: The tumour grows, irrespective of the size of the 
host, at an approximately constant average rate ; since, however, the rate at 
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TABLE I.— Young Rats. 
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TABLE II.—Old Rats. 
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which young animals can increase in weight exceeds this, the excess goes to 
increase the somatic weight in the young rats; but with increasing age, the 
maximum rate of formation of new tissue, normal plus neoplastic, declines, so 
that the growth of the tumour prohibits further increase, and indeed leads to 
definite decrease, in the somatic weight ; this state of affairs is most marked 
in the hypophysectomized animal. 

This summary description of the relation between tumour growth and 
somatic growth, with the assumptions involved in it, is not meant to be regarded 
as a general law, or as an interpretation of the phenomena ; it is a mere descrip- 
tion of the observations reported, and, indeed, as is shown by this and our 
previous work, is not in all respects an adequate description. Thus we have 
shown (McEuen and Thomson, 1933) that restriction of the diet retards the 
growth of the tumour ; hence the somatic tissues can to some extent compete 


Fic. 1.—Rats 05 VH (no tumour) and 05 PH at. 37 days of age; transplanted at 9 days old 
(Table I). (Photograph by courtesy of Dr. Hector Mortimer.) 


with the tumour when the supply of material for anabolic processes is inadequate. 
It is likely, also, that the gain in total weight averaged for the old rats in 
Table II exceeds the average gain in rats of similar age without tumours ; but 
the enormous individual variation makes it wellnigh impossible to establish 
this statistically. In spite of such difficulties and exceptions, however, we 
feel that the comparison between the hypophysectomized tumour-bearing rat 
with its constant total weight, and the young normal rats which increase in 
total weight at roughly the same rate whether they bear tumours or not, is a 
valid and significant one. 

It is widely supposed that the cessation of growth with advancing age is 
ascribable to decay in the rate of production of some growth-stimulating 
substance, especially the anterior pituitary growth hormone ; there is little 
direct evidence for this view, except that the administration of that hormone 
may cause increase in the weights of rats which have reached the “ plateau ”’. 
Our data do not bear directly upon the question ; but it may be observed 
that if the view referred to is correct, then the present studies upon aged 
animals show, quite as clearly as our previous work on hypophysectomized 
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rats, that the rate of tumour growth is independent of the pituitary growth 
hormone to a very large extent. Attention has been drawn elsewhere (Selye, 
Mortimer, Thomson and Collip, 1934) to the fact that the pituitary growth 
hormone is not essential in compensatory hypertrophy of the kidney after 
unilateral nephrectomy, or in development of bone trabecule stimulated by 
the parathyroid hormone, etc., but only in growth of the body as a whole. 

The suggestion has indeed been made that the malignant growth stimulates 
the anterior pituitary to the production of growth and of other hormones, and 
the excellent growth of tumours in aged animals might be explained on this 
basis. We feel, however, that if anything of the sort occurred the aged 
tumour-bearing animals would not show the observed rapid decrease in somatic 
weight. Elsewhere (McEuen, Selye and Thomson, 1934) we have shown that 
the histological changes in the anterior hypophyses of tumour-bearing rats 
may be regarded as a reaction to necrosis rather than to the presence of a 
malignant growth. All our work on this question, then, tends to discount the 
importance of the anterior pituitary hormones in tumour growth, except 
inasmuch as they permit increase of the total weight of the animals. 

Nevertheless, a special series of experiments was devoted to this question. 
A group of 7 rats 447 days old were implanted with the tumour and treated 
with the purified growth hormone of Collip, Selye and Thomson (1933) in 
doses of 0°5 ¢.c. twice daily—at least ten times the dose required to produce 
growth in hypophysectomized rats—for 29 days. Neither in final tumour . 
weight nor in loss of somatic weight did these animals differ from the general 
run of untreated animals (Table II). A similar negative result was obtained 
with a group of 7 tumour-bearing rats 530 days old which were treated with a 
mixture of the growth, thyreotropic, adrenotropic and prolactin: extracts, 
probably representing all the endocrine activity of the anterior pituitary. In 
our experience, however, normal rats of approximately stationary weight 
respond somewhat erratically to the growth hormone, and require larger doses 
than hypophysectomized rats. 


SUMMARY. 


The Walker rat tumour grows at approximately the same average rate in 
rats of all ages from 22 to 900 days. The total weight of the young tumour- 
bearing rats increases at the same rate as that of normal rats, and more rapidly 
than the. weight of the tumour ; in aged rats the increase in total weight is 
small, and the tumour grows largely at the expense of the existing somatic 
tissues, even during the administration of anterior pituitary hormones. 


We desire to express our gratitude to Dr. J. B. Collip and Dr. Hans Selye 
for their interest and advice. 
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THE relationship between vitamin D and rickets is not as simple as might 
be supposed from the innumerable examples of the vitamin’s beneficial effect 
in the treatment of rickets. This statement is amply verified by numerous 
observations on the ability of excessive vitamin D administration to cause a 
partial decalcification of the skeleton. The following experiment goes some- 
what further, since it shows that the prolonged and excessive feeding of vitamin 
D to young rats not only prevents calcification from progressing in a normal 
fashion, but also results in the development in the long bones of a histological 
picture identical with one type of rickets. It furthermore shows that the action 
of the vitamin, either in causing a decalcification or in preventing normal 
calcification, is not performed through the agency of osteoclasts, a finding 
which becomes of considerable importance when certain widely-held theories 
of calcium metabolism are considered in its light. 


MATERIAL AND METHODS. 


Fourteen rats, 28 days old, were used in the experiment. Seven were em- 
ployed.as controls and fed only our stock laboratory diet. The remaining 7 
received in addition to the stock diet, 1 or 2 drops of activated ergosterol, 
10,000. X (about 25,000 D) per day throughout the experiment. If an animal 
was gaining weight, 2 drops were given, if the animal was losing or remaining 
constant in -weight only 1 drop was given. Two of the animals receiving 
ergosterol died on the 7th day, 1 on the 12th day, 1 on the 21st day, and the 
remaining 3 were killed on the 22nd day of the experiment. Although the 
control animals gained weight throughout (from approx. 45 g. to 110 g.), 
the animals receiving the ergosterol remained at a fairly constant weight of 
approximately 43 g. 

The femora and humeri of both the controls and experimental. animals 
were removed, fixed in formalin, decalcified in 5 p.c. nitric acid, embedded in 
paraffin and sectioned longitudinally. About 150 sections were stained with 
hematoxylin and eosin or Giemsa’s stain and examined. 


OBSERVATIONS ON THE LONG BONES. 


It was obvious from a gross examination that the bones of the experimental 
animals were much shorter than those of the controls. Sections of the bones 
of the control animals revealed no evidence of any abnormality in the areas 
in which the normal longitudinal growth of bone oecurs. Sections of the 
bones of the animal which died on the 21st day of the experiment and those 





Fie. 3. Fig. 4. 


Fie. 1.—Photomicrograph (x 8) of end of humerus of control rat. 

Fia. 2.—Photomicrograph (x 8) of end of humerus of rat which received enormous daily doses 
of activated ergosterol. The thin epiphyseal plate, the increased number of trabeculez, the 
flattening of the epiphysis and the presence of large quantities of osteoid tissue are points 
of interest in this illustration. 

Fie. 3.—Photomicrograph (x 240) of the cortex of the shaft of the humerus seen in Fig. 1. 
(Control.) 

Fic. 4.—Photomicrograph (x 240) of the cortex of the shaft of the humerus seen in Fig. 2 
(experimental). The periosteum appears at the left side of the figure and under it may be 
seen a large amount of osteoid tissue. Osteoid tissue may also be seen under the endosteum, 
which appears at the right side of the photomicrograph. The original cortex of the shaft 
may be seen running in a longitudinal direction through the picture near its right side. 
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which were killed on the 22nd day of the experiment presented a histological 
picture in the growing zone of the long bones, which was uniform in all the 
animals, and which it is thought, merits a detailed description. 

As will be readily seen in Fig. 2, the epiphyses were somewhat flattened 
in their longitudinal diameter. Their framework was composed of cancellous 
bone, but both the number and arrangement of the trabecule as well 
as the character of their matrix varied from the normal. In the zone 
situated about the periphery of the epiphyses, the trabecule were very 
thick and numerous, while in the zone situated near the centre of the 
epiphyses there were a few relatively large marrow spaces. The trabecule 
were composed of a type of matrix which showed gradual transitions from 
fairly normal bone to a bluish-staining cartilage-like tissue, and also to a 
pale-staining osteoid tissue. Some of the cells were normal-appearing bone- 
cells, others associated with the bluish-staining matrix resembled cartilage 
cells, while the cells of the osteoid tissue resembled to some degree both 
fibroblasts and bone-cells, and were fuund in rather large flattened lacune. 
The cells lining the trabecule were for the most part of an osteogenic type. 
The larger marrow spaces were filled with hemopoietic tissue and the smaller 
ones between the thick and numerous trabecule were filled with a primitive 
vascular type of mesenchymal tissue. Relatively few osteoclasts were seen. 

The epiphyseal discs of the experimental animals were not as thick as those 
of the controls (Figs. 1 and 2) and the columns of cartilage cells in them were 
slightly irregular. 

The zone of trabeculz situated between the epiphyseal plate and the marrow 
cavity proper of the diaphysis occupied a much longer portion of the diaphysis 
than the corresponding zone in the bones of the control animals (Figs. 1 and 2). 
Numerous large vascular spaces were noted directly on the diaphyseal side of 
the epiphyseal plate, but the great part of the tissue situated between the 
epiphyseal plate and the marrow cavity proper was composed of trabeculz 
which were irregular as to size, shape and staining reaction. These trabeculz 
demonstrated the characteristics already described for those of the epiphyses, 
in that they were composed of matrix of bony, cartilaginous and osteoid 
varieties, with many transition stages between all three types. The trabecule 
were lined by osteogenic cells and osteoblasts. Only an occasional osteoclast 
was in evidence. 

The cortex of the shaft was recognized by means of its compact structure. 
It was covered both on its exterior and interior surfaces by dense plates of 
pale-staining osteoid tissue, which were situated under the periosteum and 
endosteum respectively (Fig. 4). Both the osteoid tissue and the original 
cortical bone were permeated by large spaces filled with osteogenic cells, 
osteoblasts and blood-vessels, and in some instances spaces in the cortical bone 
were filled with osteoid tissue. 


INTERPRETATION OF OBSERVATIONS. 


The presence of osteoid tissue.—Osteoid tissue is in one sense poorly calcified 
bone and its presence indicates that the normal mechanism which accounts for 
calcification is at fault. It has been shown, however (Shipley, Kramer, and 
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Howland, 1926; Robinson and Soames, 1930), that tissue from rachitic bones 
will calcify properly in vitro if the cells are alive and if the fluid in which the 
tissues are immersed contains sufficient available mineral salts. It may 
therefore be concluded that the reason osteoid tissue is not well calcified is 
because its environment is not suitable for calcification. 

The overgrowth of matrix.—The relatively tremendous amounts of matrix in 
the growing zones of the bones can best be explained by the well-known 
‘phenomenon of compensatory hyperplasia. It would seem that one is justified 
in concluding that the excessive production of matrix was due to the defective 
calcification of the matrix which was being produced throughout the course 
of the experiment. 

( The resorption of the cortical bone—The scanty amount of true cortical 

bone in the shafts of the experimental animals indicate that a resorption of 

bone formed previously had occurred during the experiment. This finding, 
together with the points already discussed, illustrates that conditions during 
the experiment were not only unsuitable for proper calcification of newly- 
forming matrix, but were such as to institute a loss of mineral from the matrix 
already calcified before the experiment was begun. 





















DISCUSSION. 






The first point to consider is whether or not the lesions produced in this 
experiment should be classified as rickets. They fulfil the requirements 
postulated by Mallory (1923) inasmuch as they demonstrate abundant evidence 
of defective calcification and compensatory overgrowth. The lesions, while 
differing in some respects from the type produced by feeding rats a high- 
calcium low-phosphorus diet, are very similar to the type produced by Pappen- 
heimer, McCann and Zucker (1922) by feeding rats a high-phosphorus, low- 
calcium diet. These workers classified the latter condition as an atypical 
form of rickets. Therefore, as the lesions due to hypervitaminosis D satisfy 
the histological requirements for the diagnosis, and are similar to lesions 
already placed in this category, it would seem that they can rightly be con- 
sidered as illustrating a type of rickets. 

The second point which merits discussion is the fact that vitamin D was 
found to inhibit calcification of matrix, but not through the agency of osteo- 
clasts.. This ability to prevent the normal calcification of matrix appears 
still more curious when it is remembered that hypervitaminosis D is associated 
with a hypercalcemia. It has been already pointed out that rachitic bones 
avidly attract calcium, as shown by experiments in vitro, so that it can be 
reasonably concluded that the effect of vitamin D in enormous doses is to cause 
the blood to attract calcium with greater force than the bones. 

The manner in which vitamin D can increase the attraction of the blood 
for calcium remains somewhat obscure. Taylor, Weld, Branion and Kay 
(1931) have shown that overdosage effects of vitamin D and parathyroid 
hormone are similar and that: vitamin D does not exert as toxic an effect in 
completely parathyroidectomized dogs as in normal ones. They therefore 
think that vitamin D acts on the parathyroid glands. Their work has received 
criticism at the hands of Dale, Marble and Marks (1932) who believe that 
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vitamin D does not exert its effect either on the parathyroid gland or on its 
hormone. The latter base their belief on experiments which show that com- 
plete parathyroidectomy did not prevent or significantly hinder the fatal 
intoxication produced by large doses of calciferol. They state, “The simi- 
larity of the symptoms and of the post-mortem appearances, produced by a 
fatal excess of either (parathyroid hormone or calciferol), seems to be adequately 
explained by the fact that a sufficient excess of calcium in the blood and tissues, 
whatever the cause, even if it is produced by continuous infusion of calcium 
salts, has this characteristic result, as demonstrated by Collip (1926). This 
statement cannot, we think, be accepted in the face of the facts. Collip (1926) 
certainly showed that tremendous amounts of calcium could be injected into 
dogs without producing the picture of parathyroid intoxication. He showed, 
however, that this picture could be simulated by the administration of alternate 
injections of calcium chloride and sodium acid phosphate. The point is of 
interest because it suggests that the most striking features of parathyroid 
intoxication depend not on the height of the calczemia, but on the precipitation 
of the calcium salts. There is certain evidence to indicate that the toxic 
effects of parathyroid hormone or vitamin D become most pronounced after 
the serum calcuim level has reached a peak and has started to fall. McLeod 
and Taylor (1925), and Collip, Clark and Scott (1925) both recorded this 
phenomenon, and Ham and Portuondo (1933) have shown that the calcification 
seen in hypervitaminosis D occurs on the fall of the serum calcium level after 
a single massive dose of vitamin D. Schour and Ham (1924) showed that the 
calcification of dentine was inhibited during the rise in the serum calcium 
level after a dose of either parathyroid hormone or vitamin D, only to be 
enhanced as the serum calcium level started downwards. Dale, Marble and 
Marks reported in detail their results on only one completely parathyroidec- 
tomized dog, and it died before the serum calcium level would normally have 
reached its peak. Consequently there seems to be good reason to consider that 
the dog died from some other cause than hypervitaminosis D, unless it can be 
shown by microscopic preparations that the dog showed the characteristic 
autopsy picture of hypervitaminosis D. The results on the other dogs of Dale, 
Marble and Marks’s experiment, which were subjected to a less severe operation, 
do not negate Taylor, Weld, Branion and Kay’s findings, because of the distinct 
probability of a considerable amount of parathyroid tissue remaining after 
operation. The parathyroid glands in the dog have a widespread and bizarre 
distribution, scattered lobules of this tissue being found as far down as the 
bifurcation of the trachea, Klotz (1922). 

It is thus evident that uncertainty exists as to whether or not vitamin D 
acts on the parathyroid glands. If vitamin D acts through the parathyroid 
mechanism, it becomes, however, very difficult to believe that parathyroid 
hormone exerts its physiological effect by stimulating osteoclastic activity in 
the bones, a theory supported by Selye (1932), Thomson and Collip (1932), 
and Thomson and Pugsley (1932), because vitamin D was found in our experi- 
ment to inhibit calcification without the agency of osteoclasts. As a matter 
of fact the theory which postulates parathyroid hormone to act. through 
osteoclasts is found on a hypothesis which has been, for the most part uncriti- 
cally, accepted for so many years that it has gained all the prestige of a fact. 
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This hypothesis postulates osteoclasts to be active agents of bone resorption. 
There is nothing but circumstantial evidence to offer support for this supposition, 
and the circumstantial evidence indicates with more reason that osteoclasts 
are the result of bone disintegration rather than its cause (Ham, 1932a, 19326). 
Moreover, Schour and Ham (1934) have shown that large doses of para- 
thyroid hormone administered to rats exerted an inhibitory effect on the 
calcification of dentine as long as the serum calcium level was rising after the 
injection of the hormone. As there were no osteoclasts in the layer of cells 
adjacent to the dentine, and as the growing dentine is affected even more 
profoundly than bone by the administration of hormone, and as there is no 
definite evidence that osteoclasts are potent factors in bone resorption, there 
seems to be good reason to question the merit of the hypothesis which proposes 
that parathyroid hormone exerts its physiological effect by stimulating osteo- 
clastic activity in the bones. 


SUMMARY AND CONCLUSIONS. 


Young rats, receiving very large daily doses of vitamin D showed rachitic 
lesions in their long bones after three weeks. As the matrix which formed in 
the bones during the experiment was very poorly calcified it was concluded 
that the administration of large amounts of vitamin D inhibited the normal 
calcification process in bone. As osteoclasts did not form a prominent part 
in the histological picture, the poor calcification of bone could not be attributed 
to them. 

The phenomena observed in this experiment can best be explained, it is 
thought, by the theory which considers vitamin D to act by increasing in some 
way the attraction of the blood for calcium. The results are compatible with, 
although they do not directly support, the theory that vitamin D acts through 
the intermediary of the parathyroid mechanism to control a fraction of the 
serum calcium. 


The authors are indebted to Mead Johnson Company for, the ergosterol 
used in this experiment. 
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In the histories of patients with tumours of the testis, recent injury of the 
organ is frequently recorded ; and it is a widely held belief that such injury 


plays a part in the genesis of the growths. Thus, according to Thorek (1924), 
“such tumours are frequently the result of trauma ” ; and Illingworth and Dick 
(1932) state, ‘‘ trauma appears to play a very important part’. Dew (1925) 
finds that ‘‘ there is a definite history of trauma in anything up to 50 per cent. 
of these tumours ”’ ; and, while he admits that proof is lacking, he thinks that 
an “ essential connexion ”’ is strongly suggested. On the other hand, Hertzler 
(1931) warns against uncritical acceptance of trauma as a causative factor ; 
and Thomson-Walker (1932) also points out that the injury which is so often 
blamed ‘“‘ may only be the means of calling the patient’s attention to what is a 
symptomless disease ”’. 

The question is clearly one which can and should be investigated experi- 
mentally ; but, as far as I know, no such investigation has been recorded for 
any species of mammals. Michalowsky (1926, 1928 and 1929) claims to have 
produced teratomas in the testes of cocks by means of injections of zinc chloride 
solution ; but, in view of the not infrequent occurrence of abdominal tera- 
tomas in cocks (Masher, 1932), it is open to doubt whether Michalowsky’s 
injections were really responsible for the growths which he observed. This 
doubt is increased by the remarkably brief intervals between the treatment and 
the appearance of the tumours in several of his cocks ; e.g. in one case, only 
6 weeks after the injections, he found a teratoma 10 cm. in diameter, weighing 
82 g., and containing well-differentiated cartilage, bone and glands. 

The problem is not only one of great practical importance, but also one of 
great theoretical interest. If it were found to be possible, by some form of 
traumatic or chemical stimulation, to evoke teratomatous growth in gonadal 
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tissue, this would provide weighty evidence in favour of the view that tera- 
tomas are the products of some kind of parthenogenetic or ephebogenetic 
proliferation of germ-cells. For these reasons, it appeared to me worth while 
to undertake the following experiments on the testes and ovaries of rats. 


EXPERIMENTS AND RESULTS. 


Albino rats were used. Ether anesthesia was employed in all the experi- 
ments. The experiments on males consisted simply in injections into the 
testes through a hypodermic needle. In females the ovaries were reached 
through mid-line laparotomy. The animals were killed from six to eight 
months later ; and the testes or ovaries were examined both macroscopically 
and by means of microscopical sections. A further series of animals, which 
were treated similarly, but examined after shorter periods in order to study 
the early results of the treatments, are not included in this paper. The selection 
of the agents used in the experiments was, of course, somewhat arbitary, but 
included oxidizing agents (potassium permanganate, hydrogen peroxide), 
reducing agents (phosphorus, pyrogallol), coagulating and necrosing agents 
(alcohol, zine chloride, ether), as well as simple mechanical trauma, the 
introduction of silica, and the introduction of blood. 








Group I.—9 young adult males. Injections of 0°05 c.c. of 5 p.c. zine chloride solution into 
R. testes; and of 0°01 c.c. of the same into L. testes. Rats killed in 35th week. R. testes 
largely destroyed and reduced to small calcified masses. L. testes similarly but less severely 
damaged, with areas of healthy residual testis. 

Group II.—10 young adult males. Both testes traumatized by introducing a needle and 
twisting it around in various directions, and L. testes also given injections of a few mg. of finely 
powdered silica suspended in normal salt solution. Rats killed in 35th week. R. testes of normal 
size, containing only small areas of necrotic tubules. L. testes show also considerable areas of 
reactive fibrosis about the silica particles. 

Group III.—12 males 2 months old. Injections of 0°005 c.c. of 5 p.c. zine chloride solution 
into R. testes. Injections of 0:006 c.c. of oleum phosphoratum B.P. into L. testes, repeated in 
0°03 ¢.c. doses one month later. Rats killed in 26th week. R. testes reduced to small orange 
yellow calcified masses with little or no residual testis. L. testes normal except for some minute 
foci of necrosed tubules and some small cystic spaces. 

Group IV.—10 males 2 months old. Injections of 0°01 ¢.c. of half-saturated aqueous solution 
of pot. permanganate into R. testes, and of 0°01 ¢.c. of hydrogen peroxide B.P. into L. testes. 
Both injections repeated two months later, but using 0°02 c.c. of permanganate solution and 
0°05 c.c. of peroxide. Rats killed in 28th week. Both R. and L. testes show patches of necrosed 
tubules with calcification, the R. testes being more extensively damaged than the L. 

Group V.—7 adult males. Injections of 0:05 c.c. of olive oil into R. testes. Injections of 
0°01 c.c. of oleum phosphoratum B.P. into L. testes, repeated in 0°02 c.c. doses 5 weeks later. 
Rats killed in 28th week. Both testes normal except for some small cystic spaces and tiny foci 
of necrosed tubules. 

Group VI.—13 males 10 weeks old. Injections of 0°02 c.c. of nearly saturated solution of 
pyrogallol in absolute alcohol into R. testes, and of 0°03 c.c. of nearly saturated aqueous solution 
of pyrogallol into L. testes. Both injections repeated 6 weeks later. Rats killed in 26th week. 
Both testes contain extensive areas of discoloured necrosed partly calcified tissue, the R. testes 
being more severely affected than the L. 

Group VII.—15 males 10 weeks old. Bilateral injections of 0°03 c.c. of citrated rat blood. 
(N.B.—In the testes of rats which had recently been subjected to trauma of the kind used in 
Group II, it was noticed that little or no hemorrhage had taken place; and it was thought 
desirable to ascertain the possible response of the testis to the presence of extravasated blood. ) 
Rats killed in 26th week. Most of testes entirely normal, and sites of injections could not be 
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identified ; two only showed tiny foci of necrosed tubules, presumably due to trauma accom- 
panying the injections. 

Group VIII.—6 males 8 weeks old. Bilateral injections of 0°02 c.c. of ethyl ether. Rats 
killed in 26th week, Testes somewhat subnormal in size, with areas of slightly calcified necrotic 
tissue. 

Group [X.—6 females 2 months old. R. ovaries pierced in several directions with a hypo- 
dermic needle filled with saturated aqueous solution of pot. permanganate. L. ovaries treated 
similarly, using hydrogen peroxide. Rats killed in 26th week. Ovaries appear macro- and 
microscopically normal. 

Group X.—6 adult females. Treatment and results same as in Group IX. 

Group XI.—6 adult females. R. ovaries pierced in several directions and contaminated with 
oleum phosphoratum B.P. L. ovaries crushed with dissecting forceps. Rats killed in 25th week. 
R. ovaries normal except for delicate periovarian adhesions, which in several cases enclosed a 
loculated collection of slightly blood-stained watery fluid. 

Group XII.—7 females 12 weeks old. R. ovaries crushed. L. ovaries pierced by linen thread 
soaked in oleum phosphoratum, this being tied loosely about ovaries and left in situ. Rats 
killed in 26th week. Except for presence of thread and some phagocytic and reactive changes 
around it, no abnormalities of ovaries. 


SUMMARY. 


In the foregoing experiments, 107 rats (82 males and 25 females) were used. 
In the different groups the animals were of different ages from two months up 
to middle adult age. The testes and ovaries were subjected to a great variety 
of traumatic and chemical injuries, and the animals were kept for periods 
ranging from 25 to 35 weeks thereafter. The changes observed in the damaged 
organs were those of necrosis and its sequele ; no tumours appeared. These 
experiments, then, as far as they go, afford no evidence that local injury is 


capable of evoking neoplasia in gonadal tissue. While, of course, a larger 
series of experiments on a variety of mammals is desirable, the result obtained 
in this investigation at least serves to strengthen the suspicion that injury 
and inflammatory processes play no more than a coincidental part in the 
histories of patients with testicular or ovarian tumours. 


To Sir Arthur Keith and to the Royal College of Surgeons I am deeply 
indebted for accepting me as a guest to the laboratories at the Buckston- 
Browne Research Farm. Sir Arthur Keith has been also an encouraging adviser 
in my work. My wife assisted me in the experimental work and prepared all 
the microscopical sections. 
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THE work of Henley, Dorset and Moskey (1927), and of Maschmann and 
Kiister (1930) on the chemical nature of old tuberculin has established the fact 
that at least two physiologically distinct factors exist. Of these, the substance 
responsible for the skin reaction appears to be of higher molecular weight than 
the principle which is specifically lethal to tuberculous guinea-pigs. Henley 
and his collaborators showed that the skin-reacting substance is completely 
precipitated from old tuberculin by saturation with ammonium sulphate, 
whilst most of the lethal material remains unprecipitated. Maschmann and 
Kiister found that during dialysis much of the lethal and only a small amount 
of the skin-reacting substance passes through an animal membrane dialysis’ 
sac and that the dialysed liquid becomes weak in lethal and strong in skin- 
reacting power. They also found that the lethal substance could be obtained 
in a highly concentrated form by adsorption on kaolin and elution with dilute 
ammonium hydroxide. 

The chemical characterization of the two agents, apart from their descrip- 
tion as being intimately related to proteins and their degradation products, is 
a matter of considerable complexity. Seibert and her co-workers (1931) have 
shown that the skin-reacting material obtained by saturating with ammonium 
sulphate a synthetic medium on which tubercle bacilli have been grown, may 
be fractionated by filtration through collodion membranes of graded porosity 
into a series of products of varying molecular weights. The smallest molecule 
still showing skin activity has an approximate molecular weight of 1000 to 
2400. Thus it would appear that a range of substances exists, all of which 
show skin activity to some degree. Whether all the protein constituents of 
the tubercle bacillus possess skin activity, or whether the products of varying 
molecular weight arise from one protein native in the bacillus, is difficult 
to determine. Certainly no protein preparation from the bacilli has been 
described as possessing no skin activity, but it might well be that all are con- 
taminated with small amounts of a highly active substance. The results of 
Seibert could be explained by supposing that only one active agent of com- 
paratively small molecular weight exists and that this is adsorbed on the 
series of partially degraded protein products liberated into the medium by the 
bacillus during growth. If this agent possessed a certain toxic power, distinct 
from that of the readily diffusable lethal principle, all the known properties 
of tuberculins could be explained. On general grounds, however, it is thought 
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more probable that the active agent is a protein of high molecular weight and 
that, along with other inactive proteins, it is degraded during the culture of 
the bacillus, and further still in the case of old tuberculin during concentration 
at 70°-80° C., into a series of products of lower molecular weight. Some of 
these degradation products would probably retain a degree of the original 
activity—possibly by possession of a common active chemical grouping—until 
a limit was reached at which further lysis resulted in the destruction of this 
grouping. The work of Heidelberger and Kendall (1933) on the partial 
hydrolysis of the Type III pneumococcus polysaccharide provides a good 
analogy for this concept. In this work the original polysaccharide was sub- 
jected to mild treatment with acids and a number of products were isolated 
which were characterized by a range of decreasing molecular weights. The 
precipitating power of these products against the immune serum persisted to 
a limiting molecular weight ; below this weight no precipitation took place. 

The possibility that the tuberculin reaction may be an Arthus reaction, 
engendered by sensitization of the host by the living bacillus, is suggested by 
the recent work on sensitization of animals to tubercular protein (Seibert, 
1932). If this be the case, then the tuberculin reaction may be considered 
as the total response to a mixture of allergens by the conglomerate sensitivity 
due to all the proteins of the bacillus, and the conception of tuberculin as a 
highly active principle contaminating protein preparations would be incorrect. 
This hypothesis, while difficult to submit to any crucial test, would seem suffi- 
cient to explain the known facts ; the persistence of activity during degradation 
to smaller molecular units would receive the same explanation as that pre- 
viously advanced. The hypothesis would also explain the failure to obtain 
any considerable concentration beyond the stage at which an almost pure 
protein is isolated. The comparatively small concentration (at the most 
four times) obtained by preliminary removal of proteins easily precipitated 
by acid followed by adsorption of the residual liquors, described later in this 
communication, may be ascribed to the isolation of molecules containing a 
larger proportion by weight of the active groupings than the parent protein 
units, which would yield the more active substances on degradation with 
concurrent loss of inactive parts of their molecules. It would be supposed 
that each protein carried a specifically distinct allergic grouping. This 
postulate is analogous to the conditions existing in the experiments of Land- 
steiner and van der Scheer (1932), in which antigenic determinant groups of 
a dipeptide character were introduced into proteins. In these cases both the 
substituted proteins and the corresponding determinant substances showed 
specific action, by: precipitation with antisera and by inhibition respectively. 
In the present instance, if this hypothesis is correct, animals sensitized separately 
to each protein should give tuberculin reactions to the homologous allergens 
only. All the animals should react to a usual tuberculin preparation, since 
this consists of a mixture of all the allergens. Such a test entails condiserable 
experimental difficulties, but the possession of protein fractions (Gough, 1933) 
which have subsequently proved to be antigenically distinct, makes it possible, 
and the author hopes to work on these lines at an early date. 

In the present work an attempt has been made to fractionate both the 
protein material of the unconcentrated medium and that of old tuberculin 





THE PURIFICATION OF TUBERCULIN. 239 


by chemical methods and by adsorption. It also seemed desirable that a 
preparation of skin-reactive material of the lowest molecular weight should be 
made, since this would probably lend itself more readily to further purification 
by chemical methods. Such a substance is described in the last section of 
this communication. 


FRACTIONATION OF PROTEIN PICRATES. 


The method employed by Dudley (1923) in the preparation of highly active 
insulin from crude material was applied to tuberculin, and the protein picrates 
fractionated into parts soluble and insoluble in acid alcohol. In the case of 
the unconcentrated medium almost no separation of the skin-reacting substance 
took place, whilst with old tuberculin the soluble fraction was the more active. 
In no case was the activity of high degree. 

Ten litres of medium from an 11-week culture of tubercle bacilli were 
treated with a solution of calcium picrate prepared by mixing picric acid 
(120 g.) and calcium carbonate (26 g.) in water (250 c.c.). The total liquid was 
then made faintly acid to Congo-red paper with concentrated hydrochloric 
acid. The precipitate rapidly settled and after some hours the supernatant 
liquid was siphoned off and the residue centrifuged. No further precipitate 
was formed by the addition of more picric acid to the supernatant liquid. 

The protein picrates were then washed six times with a mixture of alcohol. 
and 2 N-hydrochloric acid (3: 1) and twice with a mixture of alcohol and 
concentrated hydrochloric (19 : 1) (80 c.c. each time). The residue was free 
from picric acid and was washed with acetone and dried (6-3 g.). The material 
extracted by the acid alcohol was isolated by pouring into an excess of acetone 
(0-3 g.). 

The experiment was repeated with old tuberculin (700 c.c.) which was 
diluted (to 61.) and fractions soluble (0-95 g.) and insoluble (10-1 g.) in acid 
alcohol collected. ; 

Tuberculin 
activity. 

From medium | f 89 . O04 } 

From old tuberculin j scence ee. 1/28. 


From medium | bP Be. Joo 1/48. 
From old tuberculin j ete i Se: ee 


N. (p.c.). P. (p.c.). 


‘Compared with the International Standard at 5 mg. per c.c. 


ADSORPTION EXPERIMENTS. 


A number of adsorption tests were made by mixing alcoholic solutions of 
a-naphthol and cholesterol with tubercle medium which had been filtered 
through a Seitz filter. The precipitated solids were suspended in acetone and, 
after the naphthol or cholesterol had dissolved, the residue of adsorbed tubercle 
protein was removed and dried. Neither of these methods gave products of 
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high activity. Adsorption on benzoic acid, precipitated in the medium, proved 
very effective. 

The medium (14 1.) was adjusted to pH 5-4-5 by the addition of glacial 
acetic acid (about 160 c.c.) and the precipitated material (8 g.) removed by 
decantation and centrifugation. A solution of sodium benzoate (68 g. benzoic 
acid in 300 c.c. 2 N-sodium hydroxide) was then added to the clear filtrate 
and 3 N-hydrochloric acid (260 c.c.) rapidly poured in under stirring. The 
liquid, which now was acid to Congo-red paper, was filtered and the precipi- 
tated benzoic acid dried on a porous tile and finally in vacuum as rapidly as 
possible. The dry material was freed from benzoic acid by suspension in 
acetone (2500 c.c.) and was finally washed with acetone and ether. Yield 
2-1 g. 

Animal tests showed that the acid-precipitated material possessed less 
than a quarter of the potency of the standard at a dilution of 5 mg. per c.c., 
whilst the adsorbed material was stronger than the standard at that dilution. 

The adsorbed material was easily soluble in water on the addition of a 
trace of sodium bicarbonate. It was found essential to dry the benzoic acid 
rapidly after precipitation ; if the drying was prolonged, or if the moist acid 
was treated with acetone, insoluble products were formed. 

Two grammes of the adsorbed material were suspended in water (20 c.c.) 
giving a pH 5-6. The paste was ground until free from large particles and then 
diluted to 40 c.c. and centrifuged. The supernatant liquid was poured into 
acetone (300 c.c.) and dried (1:2 g.). This had an activity of over twice that 
of the International Standard at a concentration of 5 mg./c.c. The insoluble 
material had slightly more than half the standard strength at this concentration. 

‘Several attempts were made still further to increase the activity of this 
product by readsorption with benzoic acid from dilute solution. The products 
were approximately of the same activity as the parent substance. Experi- 
ments were also made using p-nitrobenzoic acid as an adsorbing agent; a 
product of a similar degree of activity was obtained in this way. 

The activity of this product, although difficult to compare with those of 
other workers owing to the different methods of testing used, is probably 
greater than any yet described. Several repeated experiments have given 
its.activity to be equal to the International Standard at a concentration of 
approximately 2-5 mg. per c.c., and no detectable alteration in the activity 
of the dry material, kept in a sealed tube at room temperature, could be 
found. The-tests were made by comparison of intradermal injections of 
dilutions of the standard and of the substance in the same guinea-pig, sensitized 
with a virulent strain of human tubercle bacilli. 


FILTRATION EXPERIMENTS. 


Experiments were then made to determine the approximate molecular size 
activity 8 times standard) through a membrane of A.P.S. 9 my (Elford, 1931), 
of the absorbed material. Filtration of a 2 p.c. solution in water (pH 8) 
retained approximately 7/8ths of the active material, showing an activity 
greater than-standard in 0-29 p.c. solution. The filtrate, possessing an activity 
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equal to that of the standard, was then filtered through a membrane of A.P.S. 
5mu. All the active material was retained by this membrane and when re- 
dissolved had an activity slightly greater than standard in 1-2 p.c. solution. 
The inactive filtrate contained no biuret-reacting substances. In order to 
eliminate the possibility that the tuberculin failed to pass the filters owing to 
the absence of capillary-active substances, the experiment was repeated, 
using 50 p.c. Hartley’s broth as solvent (Elford, 1933). Exactly similar 
results were obtained. A part of the original solution was heated at 90° for 
12 hours and filtered ; again all the activity was retained by the membrane. 
The heating had, however, reduced the activity considerably, since the residue 
on the membrane had only about 1/30th of the original activity. The more 
porous membrane used is known to retain serum albumin almost completely, 
whilst the less porous one allows only proteose-like substances to pass. Thus it 
appears that the highly active material consists essentially of large protein 
molecules and is free from any proteose-like substances. 


FILTRATION OF OLD TUBERCULIN—PREPARATION OF AN ACTIVE PROTEOSE. 


Preliminary filtration experiments on old tuberculin prepared on synthetic 
medium showed that a considerable amount of skin-reacting material was 
present, which easily passed through a membrane that retained all the typical 
protein substances. Since it was not possible, with the filtration methods 
available, to prepare quantities large enough for detailed examination, chemical 
methods for removing the protein were used. At this point, also, the possibility 
of obtaining a suitably degraded product by means of enzymes was examined. 
A number of experiments with trypsin, pepsin and papain were made, but, 
whilst activity remained after a slight degree of digestion, it was not found 
possible to stop the reaction at a point where considerable activity was left 
after much enzyme action had taken place (cf. Fishera, 1928). 

Old tuberculin (150 c.c.) was diluted with water (to 1 1.) and treated with 
trichloroacetic acid (20 g. in 40 c.c. of water). The precipitate was removed 
and found to contain 90 p.c. of the original activity. The residual liquid was 
neutralized, saturated with ammonium sulphate and the precipitated dark 
gum dissolved in water (30 c.c.) and precipitated twice with 10 volumes of 
ethyl alcohol. This product (1-2 g.), which represented about 1/10 of the 
original activity, gave but a slight precipitate with normal lead acetate, picric 
acid and mercuric chloride. With phosphotungstic acid a heavy precipitate 
was produced. The filtrate from the saturated ammonium sulphate precipitate 
was freed from sulphate ions by treatment with barium acetate and concen- 
trated. No activity was detectable in this fraction, thus confirming the results 
of Henley, Dorset and Moskey (1927). 

The material, precipitated from the protein-free liquid by ammonium 
sulphate, possessed an activity approximately equal to the standard when 
tested at a concentration of 2 p.c. Ultrafiltration of this proteose-like sub- 
stance showed that it passed through membranes of A.P.S. 9 and 6 my 
without detectable loss of activity when dissolved in water (2 p.c.). A mem- 
brane of A.P.S. 4 my held back almost all of the activity of an aqueous solution, 
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but filtration of a solution of similar concentration in broth showed that nearly 
all the material passed through under these more favourable conditions. 

The following table gives a comparison of the behaviour of the two tuberculin 
preparations, and of egg and serum albumins. 


Proteose Adsorbed 
tuberculin. tuberculin. 


9 mu . 75p.c.passess . Nil . All passes ._ 1/8 passes 
a Nil ; 2 ; ve é Nil 
4 mu ° ” * 9 ° e ° 29 


Membrane. Egg albumin. Serum albumin. 


SUMMARY. 


1. A rapid method of obtaining a highly active tuberculin preparation by 
adsorption on benzoic acid is described. 

2. The skin activity of old tuberculin has been sieins to be associated with 
two fractions, viz., typical proteins and a proteose-like substance which is not 
precipitated with trichloroacetic acid. 

3. The molecular sizes of the different active products are compared by 
ultrafiltration. 


The author is deeply indebted to Capt. 8. R. Douglas, F.R.S., and Dr. W. J. 
Elford for the help they have given on the bacteriological and physico-chemical 
issues involved. 
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In two previous communications (Bedson and Bland, 1932 ; Bedson, 1933) 
developmental forms of psittacosis virus have been described and their signifi- 
cance discussed. Evidence was produced to show that when this virus multi- 
plied, either in the tissues of a susceptible animal or in tissue culture, it passed 
through morphological changes which occurred in regular sequence. Following 
infection with elementary bodies the first forms of the virus discernible micro- 
scopically consisted of apparently homogeneous masses, which were soon 
replaced by colonies or morulz of bodies more or less equal in size and about 
ly in average diameter. Later these large forms showed evidence of multipli- 
cation by division, and with the division and subdivision of the virus particles 
there was a progressive decrease in size resulting in the virus returning to the 
state of elementary bodies. With the strain of high virulence for the mouse 
with which this work was done, in mice inoculated with an adequate dose of 
fresh active virus, the cycle of change from elementary bodies back again to 
elementary bodies required about 48 hours, the completion of the sequence 
corresponding, as a rule, with the death of the animal. The regularity with 
which this sequence of morphological change occurred suggested to us a 
developmental cycle. Two alternative hypotheses were put forward to explain 
the observed facts, the difference between the two turning on the interpretation 
of the apparently homogeneous masses seen in the early stages of virus 
multiplication. 

According to the first hypothesis these early virus masses were considered 
to be truly homogeneous, plasmodia in fact, which at a given state of maturity 
divided up into a number of more or less equal parts—large forms—and these 
in turn divided and subdivided with the final production of elementary bodies. 
The second hypothesis was the more orthodox of the two. According to it 
the homogeneity of these early virus masses was only apparent, the detail 
being obscured by inclusion material possessing much the same staining 
affinities as the virus. This would mean that the virus was probably of the 
nature of a minute bacterium which in the early stages of multiplication 
produced much larger forms than normal—some five or six times. as large— 
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which gradually returned to normal size as multiplication proceeded, and that 
the homogeneous inclusion material enveloping the colonies was present in 
sufficient amount in the early stages of growth to obscure all detail. In the 
first paper published on this subject (Bedson and Bland, 1932) we declared a 
preference for the first of these hypotheses despite its rather unorthodox 
implication that the virus had protozoal rather than bacterial affinities. 
Attempts to settle the question (Bedson, 1933) proved inconclusive. Subsequent 
work, however, has convinced us that our choice of hypothesis was erroneous 
and the evidence responsible for this change of view forms the subject of this 
communication. 


EXPERIMENTAL. 


Examination of Fresh Material with Supravital Staining and Dark-Ground 
Illumination. 


Previous work had shown (Bedson, 1933) that the colonies of psittacosis 
virus could be stained supravitally with dilute cresyl blue just as is the case 
with the inclusion bodies formed by other viruses. The colony stains homo- 
geneously as a rule, and can occasionally be liberated from the cell in an intact 
state by tapping on the coverslip. It was recognized at the time that other 
material, phagocyted débris for example, would also stain supravitally with 
cresyl blue, but it was not realized how confusing this might be. Virus colonies 
do stain in this manner, but it is impossible with direct illumination to say 
with any degree of certainty whether a blue-stained inclusion is a virus colony 
or not. However, one can usually distinguish the virus colonies by examining 
them by dark-ground illumination, when the virus particles can be made out 
either as bright- points (elementary bodies) or as bright rings of varying size 
(medium and large forms). Early spleens from which fixed and stained 
preparations have shown the virus to be present in homogeneous colonies, have 
been examined by supravital staining and dark-ground illumination. By this 
means it has been possible to show that many of these colonies were, in fact, 
particulate, the particles appearing as bright rings by dark-ground illumination. 
This finding suggested that the apparently homogeneous virus masses were 
colonies of large forms, the detail of which was obscured by inclusion material, 
and an attempt was made to see whether it would not be possible to demonstrate 
this in fixed and stained preparations. 


Examination of Fixed and Stained Preparations. 


Preparations made from early spleens and stained by Giemsa or Castaneda 
(River’s modification with Borrel blue in place of Léffler’s methylene-blue) 
have been examined and apparently homogeneous colonies identified and 
marked by ringing. The preparations have then been submitted to prolonged 
differentiation and examined from time to time to see whether any detail in 
the colonies became visible. In the case of Giemsa-stained preparations 
differentiation has been by means of absolute alcohol, and it has been quite 
remarkable how tenacious the virus was of the stain which it had taken up. 
Many of the cell nuclei in the preparation would lose their stain, while virus, 
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particularly in the intact intracellular colonies, retained it. Castaneda 
preparations were differentiated by the action of safranin. By these methods 
it has been possible to demonstrate the particulate nature of apparently 
homogeneous masses in both Giemsa and Castaneda preparations. This is 
not so invariably, for occasional masses marked down as virus have decolorized 
evenly or disappeared in the process. But since we have always recognized 
the difficulty of being certain of virus colonies at this stage we are more inclined 


Fie. la.—Apparently homogeneous virus mass in a preparation of an early mouse spleen. 
Giesma. x 2000. 

Fic. 1b.—The same after prolonged differentiation with alcohol. x 2000. The virus mass 
now appears to be particulate. 


Fic. 2a.—Apparently homogeneous virus mass in a preparation of an early mouse spleen. 
Giesma. x 2000. The virus is really intracellular, though the cytoplasm of the cell does 


not appear in the photograph. 
Fia. 2b.—The same after prolonged differentiation with alcohol. x 2000. The nucleus has 
been entirely decolorized ; the virus mass now appears to be made up of particles. 


to be impressed with the successes than the failures, and conclude that the 
homogeneity of these colonies is only apparent. Figs. la and 6 and 2a and b 
are photomicrographs of apparently homogeneous colonies in Giemsa prepara- 
tions before and after differentiation with absolute alcohol. Though the 
photographs are not so convincing as the originals seen under the microscope, 
the particulate nature of the colonies is evident, and it would appear that the 
particles are large. This is in keeping with the findings obtained with 
supravital staining and dark-ground illumination. 
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Observations Made on Virus Growing in Tissue Culture. 


As this part of the work will be reported in detail in a subsequent paper 
it will only be referred to briefly here. The cultures were made with chick 
embryo tissue, in which the virus grows readily, both in fibroblasts and epi- 
thelial cells After infection with virus in the form of elementary bodies 
and a period of incubation at 37° C., the cultures were opened, the explant 
picked off, leaving the zone of migrated cells, and the culture either fixed and 
stained or mounted as a contact preparation for study by dark-ground illumi- 
nation at 37° C. Stained preparations showed all the forms found in imprints 
of spleens of infected mice, and, provided a sufficient dose of highly virulent 
and active virus had been used, the same sequence of forms was observed. 
Homogeneous masses becoming progressively larger with the lapse of time 
were found from 8 to 24 hours after infection. No detail could be made out 
in these masses in preparations decolorized in the ordinary manner. If, however, 
such preparations were strongly decolorized with acetone the apparently 
homogeneous masses were seen to consist of large forms embedded in a more 
faintly-staining matrix. This was true even of the earliest and smallest 
colonies. - 

In living cultures examined by dark-ground illumination it was possible 
to watch the growth and progress of a colony of virus from a stage at which 
it was composed of large forms only until these had developed into elementary 
bodies. The earliest time at which colonies were recognized by this method 
was after 18 to 24 hours’ incubation. These early colonies consisted of a round 
or oval group of bright rings apparently enclosed in a capsule. At first these 
bright rings outlining the individual virus bodies were not clearly seen, but as 
the culture became older they became progressively brighter and smaller, until 
the virus particles were represented by bright points. It would seem then 
that the very youngest colonies, which could be identified as early as 8 hours 
in stained preparations, could not be seen by dark-ground illumination. 
Possibly in this early state the individual bodies were masked by an excess of 
inclusion material and the colony viewed by dark-ground illumination appeared 
as a dark hole in the cell of insufficient size to attract attention and too indefinite 
for identification. Later, with the disappearance or attenuation of this in- 
clusion material, the individual particles were enabled to refract the light 
and so became visible. 


DISCUSSION. 


We feel satisfied that, in the light of the evidence which is presented here, 
the second of the two hypotheses put forward by us to explain the developmental 
forms of psittacosis virus is the correct one. The first with its concept of a 
plasmodial phase, for which we originally declared a preference, is untenable. 
In our opinion this virus is a micro-organism with bacterial affinities which is 
essentially an intracellular parasite and which in the early stages of multi- 
plication produces forms much larger than normal. This, of course, is not 
an uncommon phenomenon in the case of the cultivable bacteria. Whether 
the elementary bodies are capable of multiplication without departing from 
that form we do not know, but in our experience, when the elementary bodies 
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gain access to a suitable cell, either in the animal or in tissue culture, they are | 
soon and invariably replaced by large forms. These large forms apparently 
multiply for a short time without much change in size, but subsequently there 
is a progressive decrease in size as multiplication proceeds until the stage of 
elementary bodies is reached again. 

In a previous paper attention was drawn to the relatively low virulence 
of the large forms (Bedson, 1933). We are satisfied that this is correct. In 
some recent experiments, for instance, where the relative virulence of 16— and 
48-hour spleens was investigated, 4 mice inoculated with 48-hour (elementary 
body) suspensions all died in 3 days, whereas of 8 mice incoulated with 16- 
hour (large form) suspensions, 2 died on the 6th day, 2 on the 7th, 2 on the 
8th and 2 on the 9th; yet all these mice received the same amount of virus 
as determined by titration in the guinea-pig’s skin. This lower virulence of 
the large form does not imply, in our opinion, that these forms are abnormal 
or damaged in any way. Our evidence shows that these are normal forms of 
multiplication and their lower virulence is probably due to the greater difficulty 
which they experience in getting inside cells and reaching that environment 
essential to their growth. 

This opportunity might be taken for stating again that Levinthal (1930) 
was the first to draw attention to the variation in form presented by this 
virus. This was implied, of course, in the name Microbacterium multiforme 
psittacosis. In our opinion the time is not yet ripe for naming these viruses. 
Even at the present time it would seem to us premature to classify psittacosis - 
virus as a microbacterium, although we think that that is its probable nature. 
And if the term ‘‘ multiforme”’ is meant to imply pleomorphism in the accepted 
sense of the term, it would seem to be unsuitable as applied to this virus ; it 
does not seem to merit the term pleomorphic any more than many of the 
bacteria whose young forms are large. The name Rickettsia psittaci proposed 
by Lillie (1930) seems also unsuitable, for no one has demonstrated an arthropod 
host of psittacosis virus, and this, surely, is an essential qualification for inclu- 
sion in the genus Rickettsia. Whether other filterable viruses pass through 
similar morphological changes when they multiply only further work will show, 
but we see no reason as yet for removing psittacosis from this group. The 
cytoplasmic colonies of psittacosis appear to us to be similar in nature to the 
cytoplasmic inclusions of fowlpox, ectromelia and vaccinia, but with this 
difference that the inclusion material is basophilic and less in amount. 


CONCLUSIONS. 


1. The apparently homogeneous virus masses seen in the early stages of 
multiplication of psittacosis virus are particulate. 

2. The significance of the different forms presented by this virus is dis- 
cussed. 
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AN unusual, fatal case of acute ascending myelitis in a laboratory worker 
following the bite of an apparently normal monkey was recently described 
(Sabin and Wright, 1934). Clinically, the striking features of the case were 
(a) the presence of vesicular, necrotic lesions at the sites of the bite on the two 
fingers, (b) regional lymphangitis and lymphadenitis, and (c) the development, 
13 days after the bite of a transverse myelitis, which ascended and resulted 
in death within 4 days. Pathologically, in addition to a myelo-encephalitis, 


there was focal necrosis of the adrenals, spleen, and regional lymph-nodes. 
Ante-mortem and post-mortem studies failed to incriminate any bacterial 
infection as the cause of the disease. From the brain and cord as well as from 
the spleen of this case a filterable virus was isolated, which, when injected 
intracutaneously into rabbits, was capable of simulating the human disease 
both clinically and pathologically. Some of the properties of this virus have 
already been described (Sabin and Wright, 1934), and a more detailed study 
will be presented in a separate communication. For a better understanding 
of the immunologic studies to be described in this paper, it is perhaps necessary 
to mention briefly the main features which characterize this virus referred to as 
the B Virus. In rabbits, depending upon the concentration of the virus 
(rabbit brain and cord suspension), intracutaneous injection anywhere on the 
thorax or abdomen gives rise to a necrotic skin-lesion within 1 to 12 days, 
invariably followed by flaccid paralysis of the trunk and posterior extremities 
6 to 17 days after inoculation ; all paralysed rabbits die within 1 to 3 days ; 
the adrenals, the spleen and the liver are all frequently involved. The virus 
gives rise to acidophilic intranuclear inclusion bodies in cells of ectodermal, 
entodermal and mesodermal origin, of the type seen in infections with pseudo- 
rabies (Hurst, 1933), herpes, Virus III, and many other viruses. It is readily 
filterable through Berkfeld ‘“‘V”’ and ‘‘ N ”’ and Chamberland “ L, ”’ filters. 
It is pathogenic for Macacus rhesus monkeys, while guinea-pigs and mice are 
only slightly and irregularly susceptible. A consideration of all its properties 
indicates that in many respects it is unlike any hitherto described virus. In 
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its neurotropism, and its capacity to attack tissues derived from all embryonic 
germinal layers, as well as in the character of its inclusion bodies, it simulates 
most closely the viruses of herpes simplex and pseudorabies (mad itch, in- 
fectious bulbar paralysis). The immunological relationship of the B Virus 
to these two viruses has therefore been investigated most extensively ; the 
relationship to Virus III (particularly since the B Virus was first established 
in rabbits and because of the similarity of the inclusions) and to vaccinia was 
also studied. 


THE IMMUNOLOGICAL RELATIONSHIP OF THE B VIRUS TO HERPES SIMPLEX. 


The Reaction of Herpes-Immune Rabbits to Infection with the B Virus. 


The herpes virus used to infect the rabbits was the highly neurotropic, 
Perdrau EL, strain supplied through the courtesy of Dr. C. H. Andrewes, of 
the National Institute for Medical Research. Rabbits’ testes, removed 48 
to 72 hours after inoculation with herpetic brain, gave good skin-lesions upon 
intracutaneous injection. As a rule, 1 c.c. of a 10 p.c. suspension of herpes 
testis was injected intracutaneously in 5 zones at weekly intervals, usually 
for 3 weeks. Approximately 25 p.c. of these rabbits developed encephalitis 
and died. The surviving ones received about 100 minimal infective doses 
of herpes intracerebrally two weeks after the last intracutaneous injection, but 
only 2 out of 6 rabbits were immune by this test. A number of other rabbits, 
which became immune to intracutaneous inoculation of herpes, were not 
submitted to the intracerebral test. Another rabbit which recovered from 
encephalitis following a herpetic kerato-conjunctivitis was also tested for 
immunity to B Virus. All herpes-immune rabbits were bled about two weeks 
after the last inoculation of virus. The sera were titrated for their capacity 
to neutralize herpes virus in the following way : A 10 p.c. suspension in saline 
of a freshly removed rabbit’s testis, inoculated 48 to 72 hours before with 
herpetic brain, was lightly centrifuged, and various dilutions of vuhe super- 
natant liquid were mixed with equal quantities of serum, and after about 4 
hours’ incubation at room temperature 0-2 c.c. was injected on a rabbit’s 
back. Upon each rabbit used for a neutralization test a control titration of 
the virus was performed ; only when the control virus lesions were distinct 
with definite vesicles were the other results given any consideration. Since, as 
other investigators have observed, rabbit skins differ somewhat in their re- 
activity to herpes, many tests had to be repeated. 

The herpes-immune rabbits were tested for their reactivity to B Virus at 
intervals of two weeks to one month after the last inoculation of herpes virus. 
As far as possible, a skin site was selected where no previous inoculations had 
been made. Care had to be taken in the selection of nervous tissue for the 
preparation of the B Virus suspensions, since it was found that at certain 
stages of the disease (following intracutaneous inoculation) the virus is limited 
to the spinal cord ; in later tests the rabbit was allowed to die, and pieces of 
cortex, mid-brain, medulla and spinal cord were used for making each suspen- 
sion. Although by this method practically constant concentrations of virus 
could be obtained, each test was nevertheless controlled by the simultaneous 
inoculation of two normal rabbits with what were regarded as limiting doses, 
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in order to gauge approximately the quantity of B Virus injected into the 
herpes-immune rabbits. 10 p.c. suspensions were centrifuged at about 2000 
r.p.m. for 15 minutes and dilutions were prepared in saline ; 0-2 c.c. of the 
various dilutions were injected intracutaneously. The results are presented 
in Table I. For a proper understanding of the data it must be stated that the 
B Virus is unusually virulent for the nervous system of rabbits, in that the 
lowest effective amount injected intracutaneously produces paralysis and 
death although not necessarily a grossly discernible skin-lesion ; it should be 
stated also that in control rabbits even the smallest skin-lesion is always 
followed by paralysis, so that the occurrence of such a lesion without paralysis 
represents a definite deviation from the normal course of the disease. The 
results in Table I show that all the herpes-immune rabbits succumbed when 
tested with more than 10 minimal infective skin doses (m.i.s.d.) of B Virus ; 
3 rabbits failed to resist 1,< 10 m.i.s.d.,* and 2 others 10,<100 m.is.d. Four 
rabbits resisted small doses of B virus; Rabbits 64 and 63 resisted 1,< 10 
and 10,<100 m.is.d. respectively ; when re-tested 3 weeks later, however, 
with 100,<1000 m.i.s.d. they succumbed in the usual manner ; Rabbit 27, 
injected with 1,<5 m.i.s.d., developed a skin-lesion which faded, but 3 weeks 
later failed to resist 100,< 1000 mi.s.d.; Rabbit 5 similarly developed only a 
skin-lesion with 10,<100 m.i.s.d., but was not immune to 100,< 1000 m.i.s.d. 
3 weeks later. All these rabbits, however, were immune to many thousands 
of minimal infective doses of herpes given by the intracutaneous route, and the 
serum of all those tested showed a moderately high content of herpeticidal 
antibodies. That the B Virus and herpes simplex are not immunologically 
identical seems to be apparent from these results. The resistance of an 
occasional herpes-immune rabbit to small doses of B Virus suggests, however, 
a possible partial relationship between these two viruses ; although one can 
expect that not all animals injected with low concentrations of B Virus may 
receive the minimally effective amount, experience in controls with the doses 
used for the herpes-immune rabbits indicates that this possibility is not a 
likely explanation for the resistance encountered. 


Reaction of a “ Herpes-treated’’ Macacus rhesus Monkey to Infection with B 
Virus. 


‘The susceptibility of Macacus rhesus to infection with B Virus (to be 
described in a separate communication), in contradistinction to the resistance 
of this species to infection with any strain of herpes virus (Zinsser, 1929 ; 
McKinley and Douglass, 1930; Cowdry and Kitchen, 1930), constitutes a 
marked difference between the two viruses. The purpose of this experiment 
was to determine whether or not preliminary injections of herpes would influence 
the reaction of a rhesus monkey to subsequent infection with B Virus. A 
normal monkey was bled, and its serum failed to neutralize a single minimal 
infective skin dose of either herpes or B Virus. It was then injected intra- 
cerebrally (1-5 c.c.), intraperitoneally (10-0 c.c.) and intracutaneously (0-6 c.c.) 

* The expression 1,< 10 m.i.s.d. refers to an amount of virus which was certainly one minimum 


infective skin dose and certainly less than 10 m.i.s.d., as determined by simultaneous control titrations ; 
the actual value may perhaps be 1 or in the range of 2, 3 or 4 m.i.s.d., but not 5 to 10 m.i.s.d. 
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with uncentrifuged 10 p.c. suspensions of the Perdrau EL, and the H.F. 
strains of herpes. The monkey remained entirely well; there was no fever 
and no skin-lesions developed (0-2 c.c. of a thick suspension of herpes rabbit 
testis which produced marked lesions in rabbits was also injected at the same 
time and failed to produce any lesion: in the monkey). Fourteen days later it 
was bled again and its serum now neutralized herpes virus moderately well 
(1 c.c. of serum neutralized 100-200 m.i.s.d. of herpes), but not even 2 m.i.s.d. 
of B Virus. It was then inoculated with a monkey strain of B Virus (monkey 
brain and cord suspension) intracerebrally, intraperitoneally and intracuta- 
neously ; skin-lesions developed, signs of encephalitis appeared on the third 
day, and the monkey died on the fourth day. Comparison with other monkeys 
similarly inoculated with B Virus shows that the preliminary injections of 
herpes and development of herpeticidal antibodies did not modify the course 
of the disease. This fact is particularly significant, since the preliminary 
intraperitoneal injection of B Virus renders a monkey immune within 14 
days to the otherwise constantly fatal, combined intracerebral and intra- 
peritoneal inoculation. This experiment further indicates that B Virus and 
herpes simplex are essentially different viruses. 


Reaction of B Virus-Immune Animals to Infection with Herpes. 


In previous tests it was shown that animals immunized with herpes are not 
generally immune to B Virus. For a more complete understanding of the 
relationship between the two viruses it was necessary to determine the reverse, 
i. e. the reaction of B Virus-immune animals to infection with herpes. There 
was, at first, considerable difficulty in this attempt, since all rabbits paralysed 
with B Virus die, and doses of virus insufficient to produce paralysis do not 
give rise to immunity. Immunization of rabbits with formalinized B Virus 
was then attempted ; 0-1, 0-15 and 0-2 p.c. formalin (40 p.c. formaldehyde) 
failed to kill the virus, even after two weeks in the cold; 0:3 and 0-4 p.c. 
formalin killed the virus, but the rabbit receiving three series of the 0-3 p.c. 
formalinized virus was not immune to 10,< 100 m.i.s.d., while the one receiving 
0-4 p.c. formalinized virus resisted 10,<100 but not 100,<1000 m.i.s.d. of 
B Virus injected intracutaneously. 

As was stated previously, guinea-pigs are irregularly and only slightly 
susceptible to infection with B Virus. It was observed, however, that the 
apparently resistant guinea-pigs had a varying fever for several days, and that 
their serum was subsequently capable of neutralizing the virus. Four guinea- 
pigs, 2 of which were inoculated twice (2 weeks apart) with B Virus, were 
then tested with a dermotropic guinea-pig strain of herpes (kindly supplied by 
Dr. M. H. Salaman, of Dr. Bedson’s laboratory), intracutaneously on one flank, 
and scarified on the skin of the other flank. Typical reactions, in no way 
different from those in a control, developed at all sites in the 4 B Virus-immune 
guinea-pigs. It is interesting to note, however, that 3 guinea-pigs convalescent 
from B Virus survived when injected intracerebrally with the Perdrau EL, 
rabbit strain, which is much less virulent for guinea-pigs; 14 days later, 2 
of these were tested with Bedson’s guinea-pig strain of herpes by scarification 
and pad inoculation, and developed typical marked reactions. 
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Cross-Neutralization Tests with Anti-Herpes and Anti-B Virus Sera. 


The active cross-immunity tests just described indicated that herpes 
simplex and B Virus are immunologically quite distinct; although the quanti- 
tative tests on herpes-immune rabbits pointed to a possible partial relationship. 
To investigate this relationship further, quantitative neutralization tests were 
carried out with the immune sera against both viruses. With one exception 
the herpes.antisera were derived from the rabbits which were used for the active 
immunity tests; the serum designated as ‘‘ W.S.” was a pooled anti-herpes 
serum derived from many rabbits immunized over a period of months with 
the Perdrau EL, strain and was kindly supplied by Dr. Wilson Smith. The 
only anti-B Virus sera available at first were from rhesus monkeys injected 
intracutaneously and intraperitoneally with the virus. These sera may also 
be regarded as convalescent, since marked necrotic skin-lesions resulted at the 
sites of intracutaneous injection. Evidence for the specific nature of these 
lesions will be given elsewhere, but it may be stated that re-inoculation after 
an interval of 7 to 14 days or more resulted in either completely negative or 
very negligible reactions. The usual procedure was to give 3 injections at 
weekly intervals, consisting of 1 c.c. intracutaneously in five zones and 10 c.c. 
intraperitoneally of a 10 p.c. rabbit brain and cord virus suspension. The 
monkeys were bled 2 weeks after the last inoculation and also subsequently. 
A great drawback in the use of the convalescent and hyperimmune monkey 
sera for this purpose was that some normal rhesus sera contain variable amounts 
of herpeticida] antibody, although in the present study they were not found to 
contain any appreciable anti-B Virus antibody. The availability of sera 
from B Virus-convalescent guinea-pigs was therefore most helpful. 

Intracutaneous tests —The technique of the herpes neutralization tests has 
already been described ; it should be stressed again that only when the control 
titration on the same rabbit was clean cut, with definite vesiculation of the 
lesions, were the results considered satisfactory ; when such was not the case 
the titrations were repeated. It may be stated that many tests had to be 
repeated until the procedure of using only fresh herpes testes removed 48 to 
72 hours after inoculation with glycerinated herpetic brain was adopted, when 
practically constant results were obtainable. For the B Virus neutralization 
tests large numbers of rabbits had to be used because each dose required an 
individual rabbit. It is impracticable to attempt to titrate more than one 
dose on the same rabbit, chiefly because the end-point is paralysis and death 
rather than a skin-lesion, and furthermore, the animal may be dead from one 
dose before the skin-lesion of another has had time to appear. A 10 p.e. 
suspension in saline of glycerinated rabbit brain and cord was usually prepared 
the day before the test and allowed to stand in the cold room overnight ; it 
was then centrifuged at about 2000 r.p.m. for 10 to 15 minutes. The super- 
natant liquid was considered as representing a virus concentration of 1 : 10, and 
dilutions were made from it accordingly. 0-15 c.e. of the diluted virus was 
mixed with 0-15 c.c. of serum, and the mixtures were allowed to stand at room 
temperature for about 4 hours before inoculation. 0-2 c.c. of the mixture was 
injected intracutaneously on a rabbit’s back from which the hair had been 
clipped. Simultaneously with each test two or more control rabbits were 
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usually injected—one with 0-2 c.c. of a 1 : 1000 dilution, and another with 0-2 
c.c. of a 1 : 10,000 dilution of the virus. 

The results are compiled in Table II,-in which the titrations of a number of 
antiherpes and anti-B Virus sera against both viruses are recorded. Of the 
7 antiherpes sera tested, not a single one neutralized 10,<100 m.is.d. of B 
Virus. Of 5 sera tested in the range of 1,<10 m.is.d. of B Virus, 3 showed 
no effect, while 2 completely neutralized what would appear to be a minimal 
dose of the virus. The very potent “ W.S.” serum, which neutralized the 
highest concentration of herpes, even in a dilution of 1 : 100, neutralized what 
might have been 5-10 m.i.s.d. of B Virus, but definitely failed to neutralize 
10,< 100 m.i.s.d. when used undiluted ; it clearly modified the disease pro- 
duced by the higher concentrations of virus, however, as was evidenced by a 
delay in the appearance of the skin-lesion and onset of paralysis, or even by 
the complete inhibition of the skin-lesion, though not of paralysis and death. 
All the antiherpes sera recorded in the table were prepared with the Perdrau 
EL, strain; it was therefore interesting to determine whether sera against 
other strains of herpes, particularly dermotropic ones, would exhibit the same 
properties with regard to the B Virus. A strongly hyperimmune guinea-pig 
serum prepared with Bedson’s dermotropic guinea-pig strain was obtained 
through the courtesy of Dr. M. H. Salaman. This serum neutralized herpes, 
even in a dilution of 1 : 300, and when used undiluted it also completely 
neutralized 5,<50 m.i.s.d. of B Virus. The numerous tests which were 
performed left little doubt that these observations could not be explained on 
the basis of varying rabbit susceptibility, but suggested rather that strong 
hyperimmune herpes sera had a partial action against the B Virus. 

The results with the anti-B Virus sera clearly show that this virus is readily 
and completely neutralizable in the rabbit by the intracutaneous route. The 
sera of two monkeys were titrated against the two viruses, both before and 
after immunization with B Virus. As has been stated, normal rhesus 
monkeys not infrequently have-herpeticidal antibodies in their blood; in 
comparative tests on 12 monkey sera not recorded in the table, 3 were 
found to contain herpeticidal antibodies (one in high concentration), but not 
a single one neutralized 10,<100 m.i.s.d. of B Virus, while 11 had no effect 
against even 2,< 10 m.is.d. The appearance of neutralizing properties against 
B Virus in the sera of immunized monkeys is therefore quite significant as a 
specific response. The serum of monkey 2, which neutralized herpes before 
infection with B Virus, showed no appreciable rise in its anti-herpes titre 
during the development of antibodies for B Virus. The serum of Monkey 3 
had no antibodies against either virus before, but after immunization showed 
a rather high titre against B Virus; it is interesting to note, however, that a 
certain amount of herpeticidal antibody also developed, although the serum 
(particularly of the first bleeding) was much more effective against B Virus 
than against herpes. As is shown in the table, further immunization of this 
monkey increased the titre against herpes. But the origin of herpeticidal 
antibodies in normal rhesus monkeys is not clear; they are not susceptible 
to infection with herpes, and mere contact with minutes quantities of this 
ubiquitous virus is not a likely explanation of their presence. Great caution 
must be exercised, therefore, in correlating their apparent development or 
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increase in titre with any simultaneous stimulation of the antibody-producing 
mechanism ; thus, Weyer (1932) observed an apparent production of herpeticidal 
antibodies following experimental poliomyelitis in Macacus rhesus monkeys. 
It was fortunate, therefore, that an anti-B Virus serum could be prepared 
in another species Thus, it was found that 3 convalescent guinea-pig sera 
which neutralized the highest concentration of B Virus employed failed to 
neutralize even a single m.i.s.d. of herpes. Another potent anti-B Virus 
guinea-pig serum (No. 4), however, neutralized what appeared to be a minimal 
quantity of herpes. It is thus possible to prepare sera which neutralize either 


TaBLE III.—Effect of Anti-herpes and Anti-B Virus Sera on Herpes Virus 
by the Intracerebral Route. 


Dilution of Dilution of 
serum. virus. Result. 
Control e ; : 1000 . Signs of encephalitis 6th 
day ; dead 7th. 
: 10,000 . No signs ;- survived. 
: 100,000 . ” ” 


Source of serum. 


: 1000 . Nosigns; survived. 

: 100 . ” ” 

: 20 . Encephalitis 4th day ; dead 
5th. 


: 20 . Signs of encephalitis 4th 
day ; dead 5th. 
: : : 20 . Nosigns; survived. 
Rabbit 27 , ; : : : » ‘9 o 


Macacus rhesus 3, before . : ‘: : 1000 . Signs of encephalitis 4th 
immunization with B day ; dead 5th. 
virus 
Macacus rhesus 3, after . ; be : 1000 . Signs of encephalitis 6th 
immunization with B ; day; dead 6th. 
Virus : - : 100 . Signs of -encephalitis 4th 
‘ day ; dead 5th. 
: 20 . Signs of encephalitis 4th 
day ; dead 5th. 


* This apparently paradoxical survival is difficult to explain; none of the material injected had 
escaped. The rabbit was re-inoculated intracerebrally 3 weeks later with 02 c.c. of a 1 : 50 dilution 
of herpes, developed signs of encephalitis on the 4th day and died on the 5th. 


herpes or B Virus exclusively, but it would appear that a very potent anti- 
herpes serum may neutralize a small amount of B Virus and some potent 
anti-B Virus sera a small amount of herpes—a phenomenon analogous to that 
which obtains among anti-bacterial sera for micro-organisms which are not 
identical, yet have an antigen in common. The results of the active immunity 
tests taken together with those of the neutralization tests strongly suggest 
that a similar relationship may well exist between the B Virus and herpes. 
Intracerebral neutralization tests—For the herpes intracerebral tests a 
centrifuged brain suspension was used, and the serum-virus mixtures were 
incubated for 4 hours at room temperature before inoculation (0-2:¢.c.). Table 
III records the titration of two anti-herpes sera and a monkey anti-B Virus 
serum against herpes. It may be seen that, although the results are somewhat 


21 
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irregular and not as good as those of the intracutaneous tests, herpes virus 
can be neutralized by the intracerebral route when mixed with its own immune 
serum. The anti-B Virus serum, however, failed.to neutralize even a single 
dose of herpes by this route. 

Preliminary tests indicated that B Virus was not neutralized by the intra- 
cerebral route when the serum-virus mixtures were incubated for 4 hours at 
room temperature ; the results recorded in Table IV are with serum-virus 


TaBLeE IV.—Effect of Anti-B Virus and Anti-herpes Sera on B Virus by the 
Intracerebral Route (Rabbits). 


. Dilution of Dilution of 
Source of serum. serum. virus. Result. 


Control . as - 1: 1000 . Signs of encephalitis 
day ; dead 4th. 
1: 10,000 . Nosigns; survived. 
1: 100,000 . ” s 


Macacus rhesus ; : , : 1000 . Signs of encephalitis 
immunization ‘day ; dead 5th. 
Virus : ‘ : 100 . Signs of encephalitis 

day ; dead 4th. 
: 20 . Signs of encephalitis 
day ; dead 4th. 

Macacus rhesus 2, after . : : : . Signs of encephalitis 
immunization with B. day ; dead 5th. 
Virus 

Macacus rhesus 5, after . : ; ‘ . Signs of encephalitis 
immunization with B. day; dead 6th. 
Virus 


wih Ea ‘ : ‘ : . Signs of encephalitis 
day; dead 6th. 

Signs of encephalitis 
day ; dead 5th. 

Signs of encephalitis 
day ; dead 6th. 


mixtures which were incubated for 2 hours at 37° C. and for 22 hours more 
at 1° C. before inoculation. All the anti-B Virus sera tested definitely 
neutralized the virus by the intracutaneous route, yet completely failed to show 
any effect even against a minimal dose of the virus by the intracerebral route 
in spite of the preliminary 24 hours’ incubation. This observation is particu- 
larly interesting in view of the fact that the minimal infective dose of B Virus 
is approximately the same by both the intracerebral and intracutaneous routes, 
and strongly suggests that the actual inactivation of the virus does not occur 
in vitro. Furthermore, the inactivation of the virus in vivo depends upon the 
tissue into which it is introduced, and is probably influenced by the rapidity 
with which the susceptible cells are invaded, and the local availability of the 
other factors necessary for the complete inactivation of the virus. Similar 
observations have been made with vaccinia (Andrewes, 1928 ; Fairbrother, 
1932, 1933) and Virus III (Andrewes, 1928). Thus, it is quite clear that the 
demonstration of partial relationships between viruses by means of neutra- 
lization tests is probably influenced by the “ avidity ’’ of the virus for the 





STUDIES ON THE B VIRUS. 259 


susceptible cells, and that such relationship could not be shown for the 
B Virus and herpes if the intracerebral route were used for the comparative 
studies. 


RELATIONSHIP OF B VIRUS TO PSEUDORABIES. 


Clinically and pathologically the B Virus has a great deal in common with 
that of pseudorabies. The intracutaneous injection in rabbits of either virus 
in the form of rabbit-brain suspension is followed by necrotic skin-lesions 
which are practically indistinguishable, grossly as well as microscopically, 
and the same type of acidophilic intranuclear inclusion body is found in the 
epithelial cells. Both viruses then invariably reach the spinal cord (that of 
pseudorabies much more rapidly), and kill the animal by an ascending infection ; 
furthermore, the cardinal symptom of pseudorabies, which is itching in the 
region corresponding to the level of the spinal cord invaded (Hurst, 1933, 1934), 
leading to biting of the zone, has also been observed in approximately 25 p.c. 
of the rabbits injected with B Virus. Both viruses frequently invade the 
liver, spleen and adrenals, giving rise to histologically indistinguishable lesions. 
In contradistinction to herpes, both viruses are pathogenic for Macacus rhesus ; 
the rabbit is the most susceptible host for both, while pseudorabies is consider- 
ably more virulent for guinea-pigs and mice. Filtration experiments with 
pseudorabies, Iowa strain (Shope, 1931), coincide well with the results on 
filtration of the BVirus. Still, it must be stressed that, if only because of the 
greater virulence and the constant occurrence of “ itching ’’ with pseudorabies, 
there is no difficulty in distinguishing it clinically from the B. Virus. It was 
therefore most important to determine the immunological relationship between 
these two viruses. 

The pseudorabies virus used in this work was the virulent Aujeszky strain. 
Passive cross-immunity tests were performed with the various anti-B Virus 
sera which were available, and one anti-pseudorabies swine serum which was 
obtained through the courtesy of Dr. R. E. Shope, of the Rockefeller Institute, 
Princeton, N.J. The only possible active immunity tests were with B Virus- 
immune animals, and for those one rhesus monkey and a number of guinea-pigs 
were employed. 


Cross-Neutralization Tests with Anti-pseudorabies and Anti-B Virus Sera. 


Effect of anti-B Virus sera on pseudorabies in guinea-pigs.—Shope (1931, 
1932) pointed out that pseudorabies is so virulent for rabbits that neutraliza- 
tion is not readily demonstrable in them, even when the serum-virus mixtures 
are injected subcutaneously, and that the best results are obtained when the 
virus in the form of rabbit brain is mixed with the serum and injected sub- 
cutaneously in guinea-pigs. A 10 p.c. rabbit pseudorabies brain suspension 
was allowed to sediment for several hours or centrifuged lightly, and the 
opalescent supernatant liquid was taken as virus 1 : 10 and dilutions made from 
it accordingly. To 1 c.c. of the various dilutions of virus the indicated amounts 
of serum were added, and, after incubation at room temperature for 2 hours 
and at 1° C. overnight, the mixtures were injected subcutaneously into guinea- 
pigs. Each test was controlled by the inoculation of guinea-pigs with virus 
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only. Three anti-B Virus monkey sera, 3 normal monkey sera, 1 pooled anti-B 
virus guinea-pig serum and a swine anti-pseudorabies serum were tested. 
The results are presented in Table V ; the titrations of the virus performed 
simultaneously are recorded in Table VII. Only about half the control guinea- 
pigs injected with 1 c.c. of a 1 : 1000 dilution of the virus succumbed, whereas 


TABLE V.—Effect of Anti-B Virus Sera on Pseudorabies in Guinea-pigs. 


. Amount Dilution of Amount Guinea- 
Serum. c.c. pseudorabies. C.c. pig No. Result. Date of test. 


None ; saline 1:10 ee D. 70 
1: 100 3. D. 70 
1: 1000 

1: 100 


13. D.<92* 
Mic Re 


coco 


1: 
1; 
1: 
Mac. rhesus 3, before immu- 1 
nization with B Virus 
Mac. rhesus 3,2 months after . 1: 
beginning of immunization 
with B Virus 


15. D. 96 
16 . Survived 
| an me 


Mm... Bee 
49 . Survived 
a6: is 

a D. 100 
S2 . D.< 94 
51 . Survived 
56 

55 

54 


— 


: 10 
1: 100 
: 1000 


—— 


— 
S26 6% 66 $6 $6 $56 $65 S$6665565S656 $56 S666 


— 


: 10 

: 100 
: 1000 
: 10 

: 100 
: 1000 
: 10 

: 100 
: 1000 


Mac. rhesus 3, 3} months 
after beginning of immu- 
nization with B Virus 

Mac. rhesus 2, 6 weeks after 
beginning of immuniza- 
tion with B Virus 

Mac. rhesus 5, 24 months 
after beginning of immu- 
nization with B Virus 


S6$¢96666 S66 


pemet femet fed ddfed fd 
= 


ee ne ee) 
ee 


— 


: 10 
: 100 
: 1000 


70 
69 
68 


i 
pain 


a 


: 10 
: 100 


83 
82 


47 . Survived 
46. cy 


Mac. rhesus 9, normal : 
: 1000 


: _ ie D. 72 
: 100 oa . D<—se 
: 100 
: 1000 


Mac. rhesus 10, normal ia D.< 72 


6... DA 


‘0 
5 
0 
0 

‘0 

‘0 

0 

‘0 

-0 

-0 

‘0 

‘0 


: 100 


Pooled anti-B Virus guinea- . 0- 
0 : 100 


80 . D.<140 
pig serum 29. 


81 . D. 124 vi. 34. 


oo 


72 . Survived , 20. vi.34 


Swine anti-pseudorabiesserum . 0-1 . 1:10 
0 | s j 


2... -af.2 300 


* D.< 92 found dead 92 hours after inoculation, evidence of pseudorabies infection being signs 
of biting the inoculated zone. 
+ See Table VII under date for control titration. 


practically all died with 0-5 c.c. of the 1: 100, and all with 1 c.c. of 1: 100 
dilution or more. For this reason the only changes which were regarded as 
significant were in guinea-pigs injected with serum-virus mixtures containing 
more than 1 ¢.c. of a 1: 1000 dilution of virus. It may thus be seen that 
whereas the serum of Monkey 3, before immunization, had no effect whatever, 
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the serum from two separate bleedings following immunization with B Virus 
definitely neutralized what may be regarded as a constantly effective minimal 
quantity of pseudorabies. The serum of Monkey 2, which was relatively 
much less potent against B Virus, had no effect. The serum of Monkey 5 
neutralized pseudorabies on one occasion, but not on two others. With the 
smaller quantities of guinea-pig serum there was a definite delay in the onset 
of signs and death, but not complete neutralization. On the basis of these 
data alone it is quite obvious that the two viruses are not immunologically 
identical, but the partial effect on minimal quantities of pseudorabies, just as 
in the case of herpes, suggests a possible relationship. 

Effect of anti-pseudorabies serum on B Virus.—Only one anti-pseudorabies 
swine serum was available for this test ; normal swine serum was used as a 
control. The titration was carried out as previously described, equal quantities 
of the undiluted serum being mixed with various dilutions of virus, as shown 
in Table VI. Although in the quantities used the anti-pseudorabies serum 


TaBLE VI.—Effect of Anti-pseudorabies Serum on B Virus. 


Serum. Dilution of B Virus. Rabbit No. Result. 


None—control “ : 10,000 X 169 ‘ No skin-lesion ; survived. 
: 1000 5 158 8; (marked), Par. 8, sacrificed. 


Normal swine . : 1000 : 189 ‘ S, (marked), Par. 8, D. 9.* 


Anti-pseudorabies - : 1000 . 190 = S, (slight), Par. 10, D. 12. 
swine : 200 a 191 . S,, Par. 9, D. 11. 
: 100 d 192 ‘ S,, Par. 9, sacrificed. 


* §3, Par. 8, D. 9: Skin-lesion 3rd day, paralysis 8th day, dead 9th day after inoculation. 


failed to neutralize B Virus completely, it seemed to have modified the course 
of the disease, as was evidenced by the definite delay in the development of 
the skin-lesion and paralysis when compared with that in control rabbits, 
as well as with the one receiving the normal swine serum virus mixture. 


Reaction of B Virus-Convalescent Guinea-pigs to Infection with Pseudorabies. 


Eight guinea-pigs which had been inoculated with B Virus by various 
routes at different times, as shown in Table VII, were injected with varying 
amounts of pseudorabies subcutaneously. When these are compared with the 
control guinea-pigs, it becomes quite clear that the majority of them resisted 
the almost constantly effective minimal dose, 0-5 c.c. of a 1: 100 dilution, and 2 
were immune even to 1 c¢.c. of a 1 : 100 dilution of pseudorabies. In view of 
the fact that with the exception of guinea-pig 24 (which, however, also resisted 
0-5 c.c. of a 1: 100 dilution) all the others received their B Virus in the form 
of rabbit brain and cord, and that the pseudorabies with which they were 
subsequently tested was also in the form of rabbit brain, it was desirable to 
determine whether or not any possible development of antibodies against 
normal rabbit brain might influence the reaction of the animal to the virus. 
Two guinea-pigs (76 and 77) were injected intraperitoneally with 1 c.c. of a 
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10 p.c. suspension of glycerinated normal rabbit brain daily for 5 consecutive 
days, and 14 days after the last inoculation were tested with 0-5 c.c. of a 1 : 100 
dilution of pseudorabies rabbit brain, simultaneously with a number of B 
Virus convalescent guinea-pigs. The former (76 and 77) succumbed typically, 
while most of the latter were resistant. It thus appears that in this case, at 
least, possible tissue antibodies were not responsible for the partial resistance 
observed. 


Reaction of a B Virus-Immune Rhesus Monkey to Infection with Pseudorabies. 


On 14.iii.34 Monkey 5 was injected intracerebrally and intracutaneously 
with a monkey strain of B Virus; it developed marked necrotic skin-lesions 
and signs of cerebral involvement, but recovered. Fourteen days later, 
28.iii.34, it resisted a combined intracerebral and intraperitoneal inoculation 
of B Virus, which proved fatal for an untreated monkey ; furthermore, a 
second intracutaneous injection of virus given simultaneously produced no 
reaction. One month later it was given more B Virus intravenously without 
any reaction whatever ; it was thus proved solidly immune to B Virus. Its 
serum neutralized B Virus, and the results of the test against pseudorabies 
are shown in Table VI. On 31.v.34 it was injected intracerebrally with 1 c.c. 
of a 10 p.c. suspension of pseudorabies rabbit brain and intracutaneously 
with 0-4 c.c. of the same suspension. The monkey had no reaction of any. 
kind (daily temperatures revealed no fever), and remained entirely well over a 
period of weeks. This finding is particularly significant in view of the fact 
that all the rhesus monkeys inoculated by Hurst (1933) with the same dose 
of pseudorabies invariably succumbed. It should also be noted that any possible 
tissue immunity played no part here, since the B Virus was given in the form 
of monkey brain and the pseudorabies in the form of rabbit brain. Pseudo- 
rabies is much less virulent for the monkey than for the rabbit, however, since 
peripheral inoculation is practically without effect ; it is thus quite possible 
that the dose of pseudorabies administered was within the minimal effective 
range, and the possession of even a partial immunity was sufficient to render 
the animal completely resistant. This finding is analogous to the resistance 
of B Virus-immune guinea-pigs to infection with the rabbit Perdrau EL, 
strain of herpes, but not to the more virulent (for guinea-pigs) Bedson’s dermo- 
tropic guinea-pig strain. It may, perhaps, be interesting to note that another 
B Virus-immune monkey failed to resist an inoculation of equine encephalo- 
myelitis given by Dr. Hurst. 

The data on the immunologic relationship between the B Virus and pseudo- 
rabies are thus quite similar to those on its relationship to herpes, and in both 
instances it is difficult to escape the conclusion that these viruses, although 
immunologically specific, are yet somehow related. 


IMMUNOLOGIC RELATIONSHIP OF B VIRUS TO VIRUS III. 


The strain of Virus III used in these tests was kindly supplied by Dr. C. H. 
Andrewes, and although it had been in the form of a dry powder for over four 
years, no difficulty whatever was encountered in demonstrating the presence 
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of the virus, even in the first testicular passage (typical intranuclear inclusion 
bodies were present in sections). The subsequent testicular passages yielded 
suspensions which gave characteristic skin reactions. Three anti-B Virus 
monkey sera were tested against various dilutions of Virus III by the intra- 
cutaneous route; the serum-virus mixtures were incubated for 2 hours at 
37° C. before inoculation. The extent of the reactions recorded on the seventh 
day after inoculation are shown in Table VIII. The anti-B Virus sera failed 
to neutralize even a minimal dose of Virus III; the complete neutralization 
by an anti-Virus IIT serum is evidence for the specificity of the skin-reactions. 


TaBLeE VIII.—Effect of Anti-B Virus Sera on Virus ITI. 


Concentration of Virus III. 
Serum. EERE 
1 : 20. : 100. 1: 500. 1 : 2500. 


1 
None—control . : A . i Ae oe oe oe ee oe ee oe See oe oe ee ee 
Anti-Virus IIT . : : ; : : — ; pa ‘ sa ; sa 

Mac. rhesus 3, before immunization with B Virus . ++++4+ . 7 ple Vie Whar nus AOE eh 
Mac. rhesus 3, after immunization with B Virus . ++-++ . Se ee Seer Se oe Seem ar 
Mac. rhesus 2, after immunization with B Virus . ++++ . a Se ee or or eee me 
Mac. rhesus 5, after immunization with B Virus . ++++ . +++. 44+ . 44+ 


T 


* The plus marks refer to the extent of the lesions ; the reactions with the 1 : 2500 dilution did 
not appear until the 5th or 6th day after injection. 


Two anti-Virus III sera (one from a Brown-Pearce tumour rabbit was 
supplied by Dr. C. H. Andrewes) failed to neutralize a minimal dose of B Virus. 
A rabbit, which was tested with a minimal dose of B Virus 15 days after 
infection with Virus III by the testicular and dermal routes, developed a 
typical skin-lesion followed by paralysis and death. Thus no immunological 
relationship could be shown between Virus III and the B Virus. 


IMMUNOLOGIC RELATIONSHIP OF B VIRUS TO VACCINIA. 


Although the tests on vaccinia-convalescent rabbits and with antivaccinial 
serum were carried out chiefly as controls for the work with herpes and pseudo- 
rabies, the negative results are important in the elimination of what might have 
been assumed (even though remotely) as a possible admixture of vaccinia in 
the B Virus, particularly in view of the similarity in the clinical pictures 
produced in the Macacus rhesus monkey. Two hyperimmunized and 7 con- 
valescent vaccinia rabbits were tested with various doses of B Virus at intervals 
varying from 13 to 54 days after the last inoculation of vaccinia. The results 
recorded in Table IX show that recovery from vaccinia had no influence on 
the course of B Virus disease in rabbits. Furthermore, a potent antivaccinial 
serum failed to neutralize even a minimal dose of B Virus. These data further 
suggest that the results pointing to a partial relationship between the B Virus, 
herpes and pseudorabies are not readily accounted for on the basis of a probable 
non-specific immunity. 
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TaBLE IX.—The Reaction of Vaccinia-Immune Rabbits to Infection with B 
Virus by the Intracutaneous Route. 


Interval between Dilution 
Rabbit No. History. last vaccination te) 
and test. B Virus. 
12 3 Four series of vaccinia . 17 days mas Eke ke ae 
inoculations 
11 : Ditto DESI ! : 100 a eee: 
10 : Multiple vaccinial skin- s ‘ : 10 , S,, Par. 
lesions 
9 - Ditto ‘ : : 100 7 - ees 
35 + R : 200 >. See 
20 i 2 : : 500 a? Be ae 
21 . . ‘ » 3000s Bye 
22 : x - : 5000 .-. BiyPar. 
43 E ; : 5000 ; S, Par. 11, D. 14. 


* §,, Par. 7, D. 9: Skin-lesion 3rd day, paralysis 7th day, dead 9th day after inoculation. 


Result. 


ATTEMPTED APPLICATION OF ANTIBODY ABSORPTION TO THE STUDY OF 
IMMUNOLOGIC RELATIONSHIPS AMONG VIRUSES. 


Absorption of antibody has been applied extensively to the study of immu- 
nologic relationships among the ordinary bacteria, and has greatly aided in 
establishing the existence of common antigens among various micro-organisms. 
It was therefore important to determine whether or not the same methods 
could be applied to the study of the relationship among the viruses in question. 
Smith (1930) reported successful specific absorption of antibody with the viruses 
of vaccinia and herpes; Gay and Holden (1933), on the other hand, were 
unable to demonstrate specific absorption. In the present study three attempts 
were made to absorb the herpeticidal antibody with herpes virus from two anti- 
herpes rabbit sera, following Smith’s technique in practically all details, but 
without success. Serum-virus mixtures containing a large excess of herpes 
virus showed no appreciable specific decrease in the antibody titre after removal 
of the excess virus by filtation. A difficulty encountered in the present tests 
was the relatively greater filterability of the B Virus. Smith found no herpes 
virus in the filtrates when he filtered his serum-virus mixtures through Chamber- 
land L, candles ; B Virus, however, passed Chamberland L, candles. In one 
test in which equal amounts of a diluted anti-herpes serum were treated with 
equal amounts by weight of herpes, B Virus and vaccinia testes, the various 
mixtures were filtered through single disc Seitz filters ; all the filtrates neutra- 
lized herpes virus, but on the seventh day, when the control herpes reactions had 
already begun to fade, skin-lesions appeared at all the sites where the B Virus 
filtrate was injected ; two days later the rabbit developed paralysi. and died. 
It was thus apparent that while herpes and vaccinia were retained by the filter, 
B Virus was not, and that a mixture which contained enough herpeticidal 
antibody to neutralize the highest concentration of herpes, failed to inhibit the 
B Virus reactions. In this experiment the mixtures were left in contact with 
frequent shaking at room temperature for 5 days, in another at 37°C. for 3 
days, and in the third at 37° C. for 3 days and another 24 hours at 1° C., but 





266 A. B. SABIN. 


in none was there any evidence of specific, not to say quantitative, antibody 
absorption. Essentially the nature of an in-vitro reaction between filterable 
viruses and their antibodies is still obscure. An any rate, the method of anti- 
body absorption was not found to be applicable in the present study. 


DISCUSSION. 


The B Virus recently isolated from a human case of ascending myelitis 
associated with visceral necrosis, although readily distinguishable from them, 
has certain features in common with the generally less virulent herpes simplex 
and the more virulent pseudorabies viruses. All three are neurotropic in the 
rabbit, and, in addition, capable of attacking, in varying degree, tissues derived 
from all the embryonal layers ; histologically, the lesions produced by the 
three are practically indistinguishable both in character and in the appearance 
of the intranuclear inclusion bodies. In the present study the immunological 
relationship of the B Virus to herpes, pseudorabies, Virus III and vaccinia 
has been investigated more or less quantitatively. No relationship whatever 
was found between the B Virus with either Virus III or vaccinia. In the case 
of B Virus and herpes, however, it was possible to obtain immune sera which 
neutralized either one virus or the other exclusively ; on the other hand, 
certain sera were also available, which, while possessing a high titre against 
one, were capable of neutralizing a minimal quantity of the other virus, and 
vice versa. Similarly, most rabbits highly immune to herpes were not resistant 
to B Virus given by the same route, while a few definitely resisted only minimal 
quantities of it; in a qualitative test B Virus-immune guinea-pigs failed to 
resist herpes. In this connection it is necessary to state that Gay and Holden 
(1933) have also isolated a virus from the same human material (they called 
it the ‘““W ” virus), which, from their description, one may consider as being 
identical with the B Virus. They concluded that their virus was serologically 
identical with herpes. Although it is impossible to analyse their results, 
because the report contains no details, it appears that their conclusions were 
based on insufficient data, consisting chiefly of comparative neutralization 
tests with human and monkey sera; they state, however, that their specific 
antiherpes rabbit sera failed to neutralize their ‘‘ W ”’ virus, but rather only 
modified it. Furthermore, one of their “normal ’’ monkey (Macacus rhesus) 
sera neutralized only their ““W ”’ virus but not herpes ; in view of this fact, 
and also because they were unable to infect rhesus monkeys (while the same 
species of monkey in England was readily infected with the B Virus), it is 
not improbable that many of their monkeys might have had natural infections 
with this virus and thus complicated the comparative serological studies. 
The quantitative titrations carried out in the present investigation leave little 
doubt of the essential immunologic difference between the B Virus and herpes, 
although the data point to a partial relationship. 

A similar relationship, however, was discovered between the B Virus and 
pseudorabies. Guinea-pigs immune to B Virus were shown to resist minimal 
but constantly infective amounts of pseudorabies. A rhesus monkey (a species 
for which both viruses are much less virulent) hyperimmunized with B Virus 
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completely resisted an intracerebral inoculation of pseudorabies. Potent anti- 
pseudorabies serum failed to neutralize B Virus completely, but apparently 
modified the disease caused by it. A potent anti-B Virus serum, however, 
was capable of neutralizing a minimal but constantly infective amount of 
pseudorabies. 

In the immunologic relationship of the B Virus to pseudorabies and herpes, 
there is thus an instance which closely parallels the cases of antigenic relation- 
ship among the ordinary bacteria : an instance, however, which has no exact 
parallel among the so-called ‘ classical “‘ viruses. In the case of the filterable 
fowl tumours, Andrewes (1931, 1933) observed a distinct immunologic relation- 
ship, though not identity, among tumours with entirely different histological 
structure. Shope (19326) described an immunologic relationship between a 
filterable virus causing a “‘ tumour-like condition ”’ (fibroma) in rabbits with the 
virus of infectious myxomatosis. With regard to the relationship among fowl 
tumours, Andrewes (1931) wrote that ‘it is, however, pertinent to recollect 
that if one accepts the unity of the vaccinia-variola virus, there is no instance 
in the field of acknowledged viruses of a neutralizing serum which can inactivate 
a heterologous virus’”’. Such an instance, it would appear, is now supplied 
by the relationship of the B Virus with herpes and pseudorabies. Studies 
now in progress on the relationship between pseudorabies and herpes suggest 
that these three viruses may be found to form a species, of which the indivi- 
duals may perhaps be considered as the “ type-specific ’’ members. Among 
other viruses some are known which are apparently identical in all respects 
but are distinct immunologically ; thus there are two strains of equine 
encephalomyelitis (Ten Broeck and Merrill, 1933), at least three immunologi- 
cally distinct types of foot and mouth disease, two of vesicular stomatitis, and 
according to recent studies by Olitsky, Cox and Syverton (1934), the viruses 
of equine encephalomyelitis and vesicular stomatitis are practically identical in 
their properties, but distinct immunologically. It does not appear improbable, 
however, that quantitative serological investigations of all these viruses may 
perhaps reveal the existence, at least among some of them, of a certain group 
relationship. 


SUMMARY. 


1. The immunological relationship of the B Virus to herpes simplex, 
pseudorabies (mad itch, infectious bulbar paralysis), Virus III and vaccinia 
has been investigated. 

2. Anti-B Virus and antiherpes sera were obtained which neutralized 
either one virus or the other exclusively, and qualitative tests with moderate 
doses of virus revealed no active cross-immunity between the two viruses. 

3. Quantitative neutralization tests as well as titrations on actively immune 
animals, however, revealed a partial immunological relationship between B 
Virus and herpes. 

4. A partial immunological relationship was also found to exist between 
B Virus and pseudorabies. 

5. No relationship was found between B Virus and Virus III or vaccinia. 

6. The B Virus is therefore regarded as an immunologically distinct and 
specific filterable virus with a group relationship to herpes and pseudorabies. 
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I am indebted to Prof. J. C. G. Ledingham for countless facilities and his 
continued interest. 


REFERENCES. 


AnprEwEs, ©. H.—(1928) J. Path. Bact., 31, 671.—(1931) Ibid., 34, 91.—(1933) Ibid., 
37, 27. 

Cowpry, E. V., anp Kitcuen, 8.:E.—(1930) Am. J. Hyg., 11, 227. 

FaIRBROTHER, R. W.—(1932) J. Path. Bact.; 35, 35.—(1933) Ibid., 36, 55. 

Hurst, E. W.—(1933) J. Exp. Med., 58, 415.—(1934) Ibid., 59, 729. 

McKin ey, E. B., anp Dovetass, M.—(1930) J. Infect. Dis., 47, 511. 

Ouitsky, P. K., Cox, H. R., anp Syverton, J. T.—(1934) J. Exp. Med., 59, 159. 

Sapin, A. B., anpD Wricut, A. M.—(1934) Zbid., 59, 115. 

Snore, R. E.—(1931) Ibid., 54, 233.—(1932a) Proc. Soc. Exp. Biol., 30, 308.—(1932b) 
J. Exp. Med., 56, 793. 

TEN Broeck, C., anD MERRILL, M. H.—(1933) Proc. Soc. Exp. Biol., 31, 217. 

Wever, E. R.—(1932) Ibid., 30, 309. 

Zinsser, H.—(1929) J. Exp. Med., 49, 661. 


STUDIES ON THE B VIRUS. II: PROPERTIES OF THE VIRUS 
AND PATHOGENESIS OF THE EXPERIMENTAL DISEASE 
IN RABBITS. 


ALBERT B. SABIN, 


Fellow in Medicine of the American National Research Council. 


From the Bacteriological Department, Lister Institute, London. 


Received for publication July 16th, 1934. 


THE human disease from which the B Virus was isolated and some of the 
properties of the virus were described in an earlier communication (Sabin and 
Wright, 1934). The immunological investigations on the B Virus (Sabin, 
1934) revealed that it is an immunologically distinct entity with a partial 
relationship to the viruses of herpes simplex and pseudorabies (‘‘ mad itch ”’, 
infectious bulbar paralysis). The purpose of the present communication is to 
present results of a more detailed study of its properties. 

Preservation in glycerol_—The B Virus in the form of rabbit brain and 
cord has been found to retain its activity very well even after prolonged 
storage in 50 p.c. glycerol. Two specimens were tested after they had been 
in glycerol for about a year in the ice-chest, and for over two weeks preceding 
the test at room temperature, and were found to be very potent. 

Method of passage.—Since its isolation in November, 1932, the B Virus 
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has undergone 26 serial passages in rabbits. The virus was always injected 
intracutaneously on a rabbit’s back, and shortly preceding or immediately 
after the death of the animal, the brain and cord were removed and stored in 
50 p.c. glycerol, to be used for further passage by the same method. It should 
be noted that no obvious modification in the properties of the virus occurred 
as a result of this form of passage. The skin-lesions following the intracu- 
taneous injection of brain and cord virus are just as marked (perhaps even 
somewhat more marked) now as they were in the beginning, and paralysis and 
death occur just as regularly and at approximately the same intervals. 

The skin-lesion.—The characteristic B Virus skin-lesion in rabbits consists. 
of a raised, indurated, inflammatory reaction covering an area of about 2 to 
3 cm. in diameter, with a central zone of necrosis which is often hemorrhagic. 
Scattered petechial hemorrhages not infrequently precede the development of 
more extensive necrosis. Vesicles of the type seen in skin-lesions produced 
with various strains of herpes were not observed. In about 25 to 30 p.c. of 
the rabbits there appears a sudden, peculiar extension and enlargement of the 
original lesion usually about 24 to 36 hours before the onset of paralysis ; 
close observation revealed that there was a period during which these animals 
licked and frequently bit the inoculated zone, often causing extensive lacera- 
tions, in much the same manner that rabbits inoculated with pseudorabies do. 
In pseudorabies, Hurst (1933) pointed out that the itching was not a result of 
local changes, but rather due to invasion and injury of the regional spinal 
ganglia by the virus. It is quite likely that the same mechanism obtains in. 
the B Virus rabbits ; indeed, some of these rabbits were observed to bite and 
lacerate the corresponding skin zone of the uninoculated side, indicating 
apparently bilateral involvement. In rabbits, injected with B Virus, however, 
the irritation comes on much later than in pseudorabies, it is transitory, 
and usually ceases by the time paralysis supervenes. 

The severity of the skin-lesion and the time of its appearance depend upon 
the concentration of virus inoculated. With the smallest amounts of virus it 
may be only a small papule, no more than 5 mm. in diameter; in a few 
instances, paralysis and death ensued even without any readily discernible skin- 
lesion. Another peculiarity of the B Virus skin-lesion is its incubation period ; 
although with large amounts of virus it may become quite distinct within 24 
hours, with minimal quantities it may not become visible for 10 to 12 days 
after injection. It is distinctly different in this respect from both herpes and 
vaccinia ; with herpes, if a skin-lesion has not appeared by the 4th or 5th 
day, and with vaccinia usually by the 7th day, one may practically predict 
that there will be none ; not so with the B Virus, however. 

Early attempts to produce skin-lesions by scarification were unsuccessful. 
Recently another attempt was made in the following way: a rabbit’s back 
was freshly shaved, washed with saline, and on one side a thick, uncentrifuged 
suspension of virus (rabbit brain and cord), from which the sand was not 
removed, was rubbed in with a glass rod, while the other side was scarified 
with a cataract knife and the same suspension rubbed in. For six days there 
was no reaction on either side ; on the 7th day a very faint erythema and 
slight diffuse cedema of the skin were discernible on the scarified side with an 
occasional small pink papule along the lines of scarification ;. no vesicles 
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formed ; on the 9th day there was complete flaccid paralysis of the body, 
and the rabbit died. ‘ 

Corneal scarification.—In the first communication it was reported that 
scarification of the rabbit cornea both with the original human material and 
the early passage virus was ineffective in producing either a local lesion or 
systemic disease. Further attempts were made with the 19th and 20th 
rabbit passage virus, and in both instances there resulted a definite kerato- 
conjunctivitis followed by encephalitis and death. The first signs appeared 
on the 3rd day in the form of a conjunctivitis and circumcorneal injection ; 
on the following day there was a rather marked keratitis (there was marked 
clouding of the cornea, but no vesicles were observed). One of the rabbits 
was found dead on the 5th day and the other on the 6th, and in both instances 
there was evidence of salivation. 

Intramuscular inoculation —Two rabbits injected with 0-5 c.c. of a 10 p.c. 
suspension of brain and cord virus into the right calf developed flaccid 
paralysis of both posterior extremities on the 6th and 7th days respectively. 
Although it is not improbable that the inoculated extremity may have been 
affected first, both were equally involved when paralysis was first discovered. 
Post mortem, there was evidence of local necrosis of the muscle, enlargement of 
the popliteal lymph-nodes on the injected side, and involvement of some of 
the viscera. 

Intravenous inoculation.—Intracutaneous or subcutaneous inoculation of 
the virus anywhere on the trunk or abdomen, as well as intramuscular, intra- 
peritoneal and intratesticular inoculations were all followed by flaccid para- 
lysis of the trunk and posterior extremities, signs of lower motor neuron 
involvement, while after corneal scarification the signs were those of an 
encephalitis. These data thus suggest that the course of the virus is along the 
peripheral nerves with severe injury at the portal of entry. The frequent 
occurrence of visceral lesions following peripheral inoculation also suggests, 
however, that the virus is probably in the blood at some stage of the disease. 
In a rabbit sacrificed on the 5th day after intratesticular inoculation, the 
liver, the spleen and the adrenals were found to be studded with necrotic foci ; 
the fact that paralysis probably would not have ensued in this rabbit for 
another day or two suggests that the virus reached the viscera by way of the 
blood rather than in retrograde fashion along the peripheral nerves from the 
spinal cord. 

It was therefore interesting to determine the nature of the disease follow- 
ing intravenous inoculation of the virus. Several rabbits were lost as a result 
of the well-known primary toxicity of homologous brain (as well as other 
organs) upon intravenous inoculation ; two rabbits, however, were successfully 
injected, one with 1 c.c. of a Berkfeld ‘‘ V ”’ filtrate, and another with 0-5 c.c. 
of a 1 : 1000 dilution of a centrifuged suspension of brain and cord. The first 
had a slight fever on the 6th and 7th days, and from the 8th day until death 
on the 10th the temperature was subnormal (below 97°F.) ; on the 9th day 
there was partial paralysis of all extremities but no convulsions, grinding of 
teeth, salivation or any of the other signs usually associated with encephalitis 
in rabbits. The second rabbit developed paralysis of all the extremities, 
with tremors of the head and salivation almost simultaneously (or at least 
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in rapid succession) on the 8th day, and died on the 9th. Neither showed 
external evidence of systemic generalization.of the virus. Post mortem both 
rabbits showed countless necrotic foci in the liver, spleen and adrenals, but 
nothing definite in any of the other organs. In his studies on the pathogenesis 
of pseudorabies, Hurst (1934) pointed out that there the spread of the virus 
from the blood to the central nervous system occurs by the primary localization 
of the virus in the viscera, and secondary invasion from these along the peri- 
pheral nerves. It is not improbable, from the nature of the disease produced, 
that the same course of events occurs with the B Virus. Although no compara- 
tive titrations were carried out, it is interesting to note that a dose of B Virus 
which was only 2 to 5 times the minimal constantly effective amount by way 
of the skin was infective by the intravenous route. 

Distribution of B Virus at the onset of paralysis —The purpose of this experi- 
ment was to determine roughly the distribution of the virus in the blood, the 
viscera and central nervous system on the day when paralysis is first observed 
and is limited to the posterior half of the body. 

Rabbit 51 was injected intracutaneously on the right side of the back 
with 0-2 c.c. of a Berkfeld “ V ”’ filtrate of a 10 p.c. suspension of rabbit brain 
and cord. The skin-lesion first appeared 3 days later and continued to become 
more marked for 4 days. On the 8th day after inoculation there was flaccid 
paralysis of the posterior half of the body, while the anterior half was still 
apparently entirely normal. At this stage 20 c.c. of blood was removed from 
this rabbit by cardiac puncture (under ether anesthesia) and immediately 
injected intravenously into Rabbit 58. Rabbit 51 was then sacrificed, and the 
central nervous system along with the various organs were put into separate 
bottles of glycerol, after sections had been taken for histology. There was no 
gross evidence of pathological change; the spleen was enlarged to about 
twice normal size, but did not show the necrotic foci frequently encountered 
in other rabbits. The urinary bladder was markedly distended. The various 
organs were then ground up in saline (with the aid of sand) and, after light 
centrifugation, 0-2 c.c. of each indicated dilution was injected intracutaneously 
into a separate rabbit. The rabbits which failed to show any reaction after 
15 days were re-inoculated with larger amounts. 

The results shown in Table I indicate that while the spinal cord (pieces of 
cord from the lumbar, dorsal and cervical regions were pooled) contained virus 
in a dilution of 1 : 5000, no virus was detectable in the frontal region of the 
cerebral cortex, even in a dilution of 1:10. Of the viscera only the kidney 
and the adrenal definitely contained virus, while the blood, at this stage, 
apparently contained none. It is interesting to observe that histologically 
only one very small focus of necrosis was present in the adrenal (intranuclear 
inclusion bodies were present in a small zone of the surrounding cells), and that 
no specific lesion was found in the kidney ; furthermore, although the spleen 
and liver are frequently involved in other rabbits, in this case there were 
neither specific lesions nor any appreciable quantity of virus. The absence of 
virus in the blood late in the disease does not invalidate, however, the possibility 
of its presence at an earlier stage. It also seems likely that in the cases where 
all the organs are involved, larger quantities of the virus are probably present 
in the blood. The presence of virus in high concentration in the spinal cord, 
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at a time when there is practically none in the cerebral cortex, may perhaps 
be considered as further evidence for the invasion of the cord by way of the 
peripheral nerves. 

Minimal infective dose of B Virus by dermal and cerebral routes.—This 
comparative titration was carried out for a double purpose ; first, as a measure 


TaBLE I.—Distribution of the B Virus at the Onset of Paralysis. 


Tissue tested. Amount and dilution. Rabbit No. Result. Specific histopathology. 


Whole blood by . 20 c.c. ™ 58 : Negative 
transfusion 

Cerebral cortex . 0-2c.c., 1: 100 ‘ 79 : a 
Frontal area - O2Zec, 1:10 “ ¢ Q ‘i i ? 
Spinal cord . - 02c.c., 1: 10,000 : - 5 a 

0-2 c.c., 1: 5000 ‘ . §S, Par. 7, sacrificed . Positive. 
Adrenal ; - O2ec.c., 1: 100 x E . §;, Par. 10, D.12* . Positive single 

necrotic focus. 
Kidney : . O2ecec., 1:10 3 j S, Par..13, D.14 .. Negative. 
Liver . : - S80. 1210 : . Negative 
le.c., 1:10 ‘ 

Spleen . ‘ - O2c.c., 1: 100 

0-2 c.c., : 10 
Lung . re . O2Zec., 1:10 

05 c.c., 1:10 


*§;, Par. 10, D. 12 = Skin-lesion 7th day, paralysis 10th day, dead 12th day after injection. 


of the ‘‘ neurotropism ”’ of this virus, and secondly, in search for an explanation 
of the fact that serum-B Virus mixtures (incubated for 24 hours in vitro), 


which are inactive when given intracutaneously, are still infectious by the 
cerebral route (Sabin, 1934). A 10 p.c. suspension in saline of rabbit brain 
and cord was titrated by injecting 0-2 c.c. of various dilutions intracerebrally 


TaBLE I].—Comparative Infectivity of B Virus by Intracerebral and Intra- 
cutaneous Routes. 


Dilution of Amount Rabbit 
Route. virus. injected, c.c. No. Result. 


Intracerebral . ; + DeR..- 0-2 : 87 . Signs of encephalitis 4th day, 
dead 4th day. 
: 10,000 . 02 c 83 . No signs; survived. 
: 100,000 . 0-2 ; 82 : 2 i 


Intracutaneous . ‘ :1000—«zj 0-2 :. >) or . Skin-lesion 3rd day, paralysis 
8th day, dead 9th day. 
: 10,000 . 0-2 ‘ - No skin-lesion ; survived. 
: 100,000 . 0:2 aa | ‘ be % 


and intracutaneously. The results, recorded in Table II, show that the sus- 
pension had the same titre by both routes, and indicate, on the one hand, the 
marked neurotropic properties of the virus, and, on the other, that the failure 
encountered in intracerebral neutralization tests cannot be due to the fact 
that smaller quantities of virus are infectious by the cerebral route than by 
the dermal one, but rather that other factors must be involved. 
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Susceptibility of rabbits injected with subeffective doses of virus to subsequent 
infection.—It has been pointed out previously that the minimal infective 
dose of B Virus produces paralysis and death. The purpose of this experiment 
was to determine whether a sublethal dose would render rabbits either more or 
less susceptible to subsequent infection. In the course of numerous titrations 
which were performed simultaneously with neutralization tests it was observed 
that, with the method employed, 0-2 c.c. of a 1: 1000 dilution of virus was 
constantly infective, and 0-2 c.c. of a 1: 10,000 dilution practically never 
infective. Some of the rabbits used in these titrations were re-inoculated with 
a sublethal dose, and later on with the minimal constantly effective dose. The 
results are shown in Table III. Although in one instance (R. 70) the rabbit 


TaBLeE III.—Influence of Subeffective Dose of B Virus on Subsequent 
Susceptibility to Infection. 


Control rabbits. 
Rabbit Dilution of 
No. aah BV mane. Rabbit Dilution of hance 


irus. f 
B Virus. 


70 . 13.iii.34 . 1: 100,000 . Negative - GB. 1:2000..-. ‘5, Par. 8; D. 10,* 
28.ii1.34 . 1:10,000 . S,, Par.9;D.10 .. 62 = ..1:10,000. Negative. 


. 10.v.34 . 1:10,000 .. Negative BB ESO... 8 Paes 8 D8. 

26.v.34 . 1:10,000 . Re . OB. 3 2008. 5S, Paes SG, 2 Th. 
158 . 1:10,000. Negative. 

12.vi.34 . 1: 1000 : 8, (slight), 370. -2 Ys 308". By Fa] 8: 11. 
Par. 13, sacrificed . 169 1: 10,000 . Negative. 


. 26.v.34 . 1:10,000 . Negative . See Rabbit 159. 
12.vi.34 . 1: 10,000 . 3 . See Rabbits 169 and 170. 
25.vi.34 . 1: 1000 ; S,, Par. 8 - 188°. . ¥:1000°". 8, Par. 8, D: 9. 
sacrificed 


169 . 12.vi.34 . 1:10,000 . Negative . See Rabbit 170. 
25.vi.34 . 1:10,000 . 7 - See Rabbit 189. 


* §,, Par. 8, D. 10 = Skin-lesion 5th day, paralysis 8th day, dead 10 days after injection. 


appeared to have become more susceptible than a control animal, the results 
with three other rabbits failed to substantiate it as either a definite or constant 
phenomenon. Likewise there was no evidence that a subeffective dose gave 
rise to any appreciable active immunity. 

Filterability of the B Virus.—The filterability of the B Virus through 
Berkfeld “V” and ‘“‘N” candles as well as through Chamberland L3 and 
Seitz filters was determined, and the results are shown in Table IV. The 
various suspensions tested were prepared by grinding the tissues with sand 
and physiological salt solution. The suspensions were then centrifuged at 
about 4000 r.p.m. for one hour, and the supernatant liquids were filtered. 
0-5 c.c. of a 24-hour broth culture of B. prodigiosus was added to approximately 
each 10 c.c. of liquid to be filtered, and 0-5 c.c. of the filtrate was cultured in 
broth. It may be seen that the virus passes readily through filters which are 
impermeable for B. prodigiosus—Chamberland L, and Berkfeld “V’” and 
“N” candles. In one experiment (not recorded in the table) the virus passed 
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through a single-disc Seitz filter ; it does not, however, pass a double-disc 
Seitz filter. 

Ultracentrifugation experiments with B Virus.—High-speed centrifugation 
has been employed by various investigators not only as a means of determining 
the size of various viruses (Bechhold and Schlesinger, 1931), but also in the 
study of their particulate nature ; thus, in the case of vaccinia, Eagles and 
Ledingham (1932) succeeded not only in completely depleting a Berkfeld 
“V ” filtrate of its virus content, but also in recovering it from the sedimented 
deposit. In the first experiment of the present study, a Berkfeld ‘“‘ V ”’ filtrate 
of a 10 p.c. suspension in saline of B Virus brain and cord was centrifuged 
several times at 14,000 r.p.m. for periods of 30 minutes to 1 hour, the total 
time of centrifugation being 3 hours and 15 minutes. The total quantity 


TABLE V.—Ultracentrifugation of B Virus. 


Virus preparation centrifuged. peng P oan Fraction tested. Rabbit No. Result. 


Berkfeld ‘‘ V ”’ filtrate of . 14,000 . 3-25 . Filtrate before . 51 . 8S, Par. 8, sacrificed. 
10 p.c. suspension in centrifugation 
saline of rabbit brain Sediment oe: ‘aera a Pe 
and cord Supernatant. - No skin-lesion ; 
liquid after survived. 
centrifugation 


Berkfeld ‘‘ V” filtrate of . 14,000 . 1-00 . Filtrate before . . §;, Par. 8, D. 10. 
5 p.c. suspension in centrifugation 
saline of rabbit testis Supernatant . . 8, Par. 8, D. 10. 
liquid after 
centrifugation 


Each rabbit was injected intracutaneously with 0-2 c.c. of the fraction indicated. 
* §;, Par. 7, D. 9 = Skin-lesion 3rd day, paralysis 7th day, dead 9th day after inoculation. 


centrifuged was 6 c.c. (3 c.c. in each tube), and for the final tests the top 0-5 
c.c. was removed from each tube, while the sediments were pooled and made up 
to 2.c.c. 0-2 ¢.c. each of the original filtrate, the final supernatant liquid and 
the sediments were injected intracutaneously into individual rabbits. The 
results recorded in Table V show that whereas no virus was demonstrable in. 
the final: supernatant liquid, it was present in considerable quantity in the 
sediment. The experiment was then repeated with a Berkfeld ‘“ V ”’ filtrate 
of a 5 p.c. suspension in saline of a B. Virus testis ; centrifugation was carried 
out for only one hour. As the data in Table V indicate, centrifugation at 
14,000 r.p.m. for one hour was not sufficient to deplete the supernatant liquid 
of its virus content. The question of the presence and significance of elemen- 
tary bodies in potent deposits of centrifugalized filtrates of the virus is under 
investigation. 

Pathogenicity of the B Virus for guinea-pigs ; effect of intracutaneous and 
pad inoculation.—Two guinea-pigs were injected intracutaneously on the left 
flank and also into the left pad. There were no definite pad or skin-lesions, 
but on the seventh day one of them developed paralysis of the posterior 
extremities, and chewed away first the injected pad and gradually the entire 
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foot. The paralysis did not ascend, however ; the injured extremity healed, 
and the guinea-pig survived for many weeks ; marked atrophy of the muscles 
of both lower extremities ensued. Ten other guinea-pigs injected intracuta- 
neously at different times with rabbit B Virus failed to show any definite 
skin-lesions, although a few showed small pink papules which did not exceed 
5 mm. in diameter. 

Effect of intraperitoneal inoculation.—Four guinea-pigs were injected intra- 
peritoneally with 1 c.c. of a 10 p.c. suspension of rabbit B Virus daily for a 
period of 5 days. One showed paralysis of the posterior extremities 11 days 
after the first inoculation ; the paralysis did not ascend, and the guinea-pig 
survived with atrophy of the paralysed muscles. The others remained well. 

Effect of intracerebral inoculation.—Preliminary tests at irregular intervals 
revealed that not all guinea-pigs succumbed to an intracerebral inoculation 
of potent rabbit B Virus. In one test, 6 guinea-pigs were injected with 0-2 
c.c. of a 10 p.c. suspension of B Virus intracerebrally ; 2 of them also received 
an additional intraperitoneal injection, and the 4 others additional subcutaneous 
injections. Only 2 of the 6 guinea-pigs developed encephalitis (first signs on 
4th day); they died 6 days after inoculation ; the others showed no signs 
except fever, which occurred at about the 4th to the 6th days (in 2 the fever 
reached 106° F.). The brains of the 2 dead guinea-pigs were pooled, and a 
suspension was injected intracerebrally, subcutaneously and intracutaneously 
into 2 normal guinea-pigs. One of these had fever on the 5th and 6th days, 
and was found dead with evidence of salivation on the 8th day ; a suspension 
of its brain injected intracutaneously into a rabbit produced a typical skin- 
lesion, followed by paralysis and death. The other guinea-pig had only slight 
fever and survived. 

Four surviving guinea-pigs were bled, and their serum was found to neutra- 
lize B Virus in high concentration. It is thus apparent that guinea-pigs are 
very much less susceptible to B Virus than are rabbits, that they may survive 
with paralysis following peripheral inoculation of the virus, and that they 
may have abortive infections which are followed by the development of immune 
bodies. 

Pathogenicity of B Virus for mice.—Stock mice of varying breeds, and 
several groups of specially bred mice (designated as possibly relatively “ virus- 
susceptible ” and “ virus-resistant ’’ groups by Dr. M. H. Finkelstein, who 
kindly supplied them) were inoculated intracerebrally and intraperitoneally 
with potent rabbit B Virus at different times. Many mice developed 
“encephalitic ” signs about the 5th to the 10th days and died, while others 
had no signs and survived. Several attempts at mouse passage with brains 
of mice sacrificed at the height of the disease were all unsuccessful. 


DISCUSSION AND SUMMARY. 


The data presented in this communication deal with the cardinal properties 
of the B Virus. The skin-lesion produced by the intracutaneous injection 
of the virus in rabbits is characterized chiefly by inflammation and necrosis, 
which is often hemorrhagic. It can thus be distinguished from the herpetic 
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lesions on the one hand. and, by virtue of its longer duration, also from that 
of pseudorabies. A further characteristic of the B Virus skin-lesion is that 
with minimal doses it may not appear for 10 to 12 days after injection. Follow- 
ing intracutaneous, subcutaneous (on trunk or abdomen), intramuscular (leg), 
intratesticular, and intraperitoneal injections of the virus in rabbits, the 
central nervous system is constantly invaded, and the signs are those of lower 
motor neuron involvement, i.e. flaccid paralysis of the trunk and posterior 
extremities, while after corneal scarification and intracerebral inoculation of 
the virus the signs are those of upper motor neuron involvement, 7. e. con- 
vulsions, etc. These data suggest that the virus probably reaches the central 
nervous system by way of the peripheral nerves—an assumption which is 
further strengthened by the fact that during the first day of paralysis, virus 
was found to be present in high concentration in the spinal cord, while it was 
not detectable in the cerebral cortex. 

The following clinical observations in rabbits indicate that the virus must 
cause considerable injury at the portal of entry in the central nervous system. 
Thus in 25 to 30 p.c. of the rabbits, 24 to 36 hours before the onset of paralysis 
there is evidence of marked itching which leads them to lick and bite the 
inoculated region. This pruritus is transitory, however, and large areas of 
dermatitis or denuded skin, lacerations or hemorrhagic scabs sometimes 
constitute the only evidence of its having occurred. Not infrequently the 
corresponding zone of the opposite, uninoculated side is similarly bitten. 
Hurst (1933) pointed out that the itching in pseudorabies is due to the 
involvement of the regional spinal ganglia, and the same thing probably 
happens in rabbits infected with B Virus. Histological and experimental 
investigations for the further elucidation of this question are now in progress. 
There is, however, a distinct difference between the course of itching in infec- 
tions with pseudorabies and B Virus. With pseudorabies the itching is con- 
stant and begins 24 to 48 hours after the skin-lesion ; the animal dies within 
24 hours of its onset. With B Virus the itching is inconstant ; it does not 
begin until 24 to 36 hours before the onset of paralysis, which may be 5 to 10 
or more days after injection ; it is transitory, ceasing by the time paralysis 
develops ; and the animal dies three or more days after its onset. It would 
appear, therefore, that the same property is shared by both viruses, and the 
greater ‘‘ virulence’ of pseudorabies may readily account for the different 
course. .It should be noted here that similar “itching ’’ and biting has been 
observed by Hurst (1931) in monkeys infected with the Trinidad strain of 
rabies, by Rose and Walthard (1926) in guinea-pigs injected with herpes 
simplex, and although Gay and Holden (1929) did not interpret it in the same 
light, they described a similar picture in some of the rabbits injected with the 
Le Fevre strain of herpes. 

In the 70 to 75 p.c. of the rabbits infected with B Virus in which there is 
no evidence of itching, the site where flaccid paralysis occurs first corresponds 
closely to the level where the virus was injected ; thus inoculation high up on 
the back results in primary paralysis of the muscles of the trunk, followed by 
involvement first of the posterior extremities, and subsequently the whole 
body, whereas inoculation in the calf or on the flank leads to primary paralysis 
of the posterior extremities. This capacity of causing sufficient injury at the 
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portal of entry to give rise to clinical signs is again possibly an index of the 
“ virulence ” of the virus, and perhaps also of special cell affinity. Thus, in 
the case of herpes, which also invades the central nervous system by way of 
the peripheral nerves, flaccid paralysis of the trunk and posterior extremities 
is much less frequently encountered ; of 6 rabbits in which the central nervous 
system became involved in the usual time following intracutaneous inoculation 
on the back of the Perdrau EL, strain of herpes, all showed primary signs of 
encephalitis, i.e. convulsions, circling, gnashing of teeth, etc. One would 
have to assume, therefore, that in most instances the herpes virus is capable 
of passing the spinal cord, without causing sufficient injury to give rise to local 
clinical signs until it reaches the cerebral cortex. 

Intravenous inoculation of even a minimal quantity of B Virus in rabbits 
is followed by the development of numerous necrotic foci in the liver, spleen 
and adrenals, and a terminal myeloencephalitis. Following intratesticular 
inoculation of the virus, the liver, spleen and adrenals are all involved, whereas 
after other forms of peripheral inoculation, the adrenals almost always show 
necrotic foci, while the liver and spleen are less frequently involved. The 
spleen, however, is practically always enlarged, even when necrotic foci are 
absent and virus is not demonstrable. 

The B Virus was found to be readily filterable through Berkfeld “V ”’, 
“N”, and Chamberland L, candles, but not through a double-disc Seitz 
filter. It would thus appear to filter more readily than herpes, and to about 
the same extent as pseudorabies, Iowa strain (Shope, 1931). It is, however, 
interesting to note that it was possible completely to deplete a Berkfeld “ V ” 
filtrate of its virus content by centrifugation at 14,000 r.p.m. for 3} hours, and 
to show the presence of the virus in the sediment. 

The B Virus is pathogenic for guinea-pigs, but it is only irregularly fatal 
even after intracerebral inoculation. Signs of myelitis were observed twice, 
once following pad inoculation, and another time after intraperitoneal injection 
of the virus, but in both instances it was non-fatal. Paralysis persisted, 
however, with marked atrophy of the involved muscles. In most of the 
guinea-pigs the only evidence of infection may be an irregular fever and the 
development of “ antiviral bodies ” in the blood. Mice were found to be irregu- 
larly susceptible, and mouse passage has proved impossible thus far. Flexner 
(1928) pointed out that, while different strains of herpes vary considerably in 
their virulence for rabbits, those which are fully virulent for rabbits are also 
quite pathogenic for guinea-pigs, although they are generally less susceptible. 
It is interesting to note, therefore, that although the B Virus is perhaps more 
‘“ virulent ’ for rabbits than any strain of herpes, it is only occasionally fatal 
for guinea-pigs or for mice ; in the latter Andervont (1929) had no difficulty in 
transmitting in series virulent strains of herpes. Pseudorabies also is more 
pathogenic for guinea-pigs and mice than is the B Virus. 
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‘ 


_ Iva systematic study of 247 suprarenals from 124 normal mice, Whitehead 
(1933a) found that the proportion of the permanent cortex occupied by lipoid 
varied from 10 to 100 p.c. It is therefore impossible to determine whether 
the lipoid distribution in any individual gland from an experimental mouse 
has been influenced by the experiment. Whitehead (1933a) found that the 
proportion of the cortex occupied by lipoid was usually the same in both 
suprarenals of one mouse. Therefore the comparison of a pair of glands, one ~ 
removed before, the other after, an experiment, would have been the method 
of choice for the study of cortical lipoid, if removal of one gland had not itself 
been followed by a decrease in the amount of lipoid in the other (Whitehead, 
19330). : ; 

Although the proportion of the cortex occupied by lipoid varies widel V 
from mouse to mouse, the mean values obtained from groups of suprarenals , 
from normal mice vary (as might be expected) within much narrower limits. 
Accurate information regarding lipoid changes can be obtained if a group of 
suprarenals, instead of one suprarenal, is taken as the unit for experimental 
purposes. If the mean amounts of lipoid in the suprarenals of groups of 
normal and experimental mice are found, they can be tested by the usual 
statistical methods to determine whether they fall within the range of values 
that might be expected to occur as the result of mere chance. 

For statistical purposes a numerical index of the proportion of cortex 
occupied by lipoid is necessary. Hitherto I have evaluated for each gland 
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the ratio (breadth of the lipoid-laden cortex)/(breadth of the permanent 
cortex). In the present paper this method is superseded by a method (detailed 
below) for determining the ratio (area of the lipoid-laden cortex)/(area of the 
permanent cortex). The area and breadth ratios for each of 218 suprarenals 
were found on comparison to agree closely. The area ratio, however, is the 
more accurate, being equivalent to the breadth ratio determined at an infinite 
number of points. 

In the work reported below, the area ratio for each mouse was determined 
from one section of one suprarenal. The results of the following tests demon- 
strate the adequacy of such a determination: (1) The area ratio was deter- 
mined for both suprarenals of 50 male mice, and the difference between the 
values of the ratio for each pair of glands found. The mean of these differences 
did not differ significantly from zero, therefore the area ratio need be found 
for only one gland of the pair in any mouse. (2) The area ratio was determined 
for 7 of the largest sections of each of 10 suprarenals from 5 male mice. The 
error due to reliance on one section exceeded 10 p.c. only twice for the 10 
glands. Such errors, however, may be expected to be positive and negative 
with equal frequency as the result of mere chance, and are therefore unlikely 
to affect appreciably a mean obtained from a series of sections, one section 
being taken from one suprarenal of each of a group of mice. 

The left suprarenal was taken in all except the fourth experiment 
(cholesterol feeding). ‘ 

Throughout this paper the range +3 times the standard error of the mean 
for a group of 24 normal mice is taken to include the errors due to sampling. 
The standard error was calculated from the data for the suprarenals of 50 
normal male mice. These do not include the 41 normals mentioned in 
Table I, or the 13 controls of the fourth experiment. 

In the present paper the statistically controlled comparison of the mean 
amounts of lipoid in suprarenals from groups of mice is exemplified in studies 
of the suprarenals of mice (1) with infectious ectromelia, (2) in starvation, 
(3) exposed to heat, and (4) fed on cholesterol. 

Estimation of cortical lipoid.—The image of a formol-fixed frozen section 
stained with sudan III and hemalum was projected on paper, and the boun- 
daries of the permanent cortex and of the lipoid-laden cortex drawn. The 
inner margin of the gland capsule and the outer margin of the perimedullary 
fibrous band (or the transitory cortex if present) were taken as the limits of 
the permanent cortex. The drawings were weighed on a torsion balance, 
and the weight ratio (weight of the drawing of the lipoid-laden cortex) /(weight 
of the drawing of the permanent cortex) determined. Since the weights vary 
directly with the areas of the drawings, the figure obtained is also the area 
ratio (area of the lipoid-laden cortex) /(area of the permanent cortex), hence- 
forward referred to as L/C. 


INFECTIOUS ECTROMELIA. 


A suspension of liver from a mouse moribund with ectromelia was made 
in 0-85 p.c. saline containing 0-5 p.c. phenol, and kept in the ice chest for 13 
days. Male white mice (152 to 179 days old at death) each received 0-2 c.c. 
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of the suspension intraperitoneally. Groups of these mice were killed at the 
periods stated after infection. 

Results— Mice killed when apparently normal: At 1 and 3 days no lesions 
were found. At 6 days one mouse showed advanced lesions of liver, spleen 
and gut. The others showed early lesions: mottled spleen, translucent liver 
edges, increased intraperitoneal fluid. Mice killed when ill: Of the total 18, 
15 were killed at 4 to 8 days. Most showed abdominal lesions; a few showed 
no macroscopic lesions. Mice killed with skin-lesions: Of 8 mice killed at 
15 days, 7 had cutaneous lesions, the 8th, fat necrosis. None of these mice 
was ill. 

The mean values of L/C are shown in Table I. 


TaBLE I.—Cortical Lipoid in Infectious Ectromelia. 


Clinicall ll. 
Inically we Til. Normals. 


Days after infec- 

tion ; F 1 ‘ 3 : 6 : 15 ; “it : oc 
Numbers of mice os} eS a ee Sees" 
Mean value of L/C 0-78 . 0-75 . 0-69 . 0-82 . 0:38 . 0-80 


There is a statistically significant decrease in the value of L/C for the mice 
killed when ill. The other values of L/C do not differ significantly from the 
normal. The mean body-weight at death of the mice killed when ill was 
15 p.c. less than that of the nopmals. The mean body-weights of the other 
infected groups did not differ significantly from that of the normals. 

Paraffin sections of all the right suprarenals were examined. Inclusion 
bodies were sought for in sections suitably stained (cf. McGaughey and White- 
head, 1933), but never found. All suprarenals appeared normal except for 
small clusters of mononuclear cells. These were conspicuous in about 12 p.c. ; 
cortex and medulla showing them with equal frequency. The nuclei of these 
cells were usually oval, sometimes round, fusiform, or irregular. Such cells 
occur in at least 11 p.c. of suprarenals from healthy untreated mice (White- 
head, 1932), and are therefore not characteristic of infectious ectromelia. 


STARVATION. 


A lipoid decrease in the suprarenal cortex of starved mice was reported by 
Ponomarew (1914), who studied 17 mice, and Hett (1926), who studied 24 
mice. The following experiment was designed to test these observations, and 
to determine whether the temperature of the room in which the mice were 
kept influenced the results. 

All food, but not water, was withheld from 96 male mice aged 2 to 6 months. 
Two groups of 24 were kept at 13° C. for 1 and 2 days respectively ; two 
groups of 24 were kept at 37° C. for 1 and 2 days respectively. Every mouse 
was weighed at the start and end of the experiment. The rectal temperature 
of a proportion of the mice was taken twice daily. Each of the two daily 
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mean rectal temperatures for the mice at 13° was found from observations on 
8 to 18 mice ; for the mice at 37° each mean was found from observations on 
12 to 31 mice. The temperature of the rooms in which the mice were kept 
was also taken twice daily. 

Results —The mean values of L/C are shown in Table II. 


TaBLE I].—Cortical Lipoid in Starvation. 


Mean of L/C in mice at— 


Day of fast. 
: 37°. 

1 . . é 0-70 

2 , ’ ; 0-59 


There is a statistically significant decrease in the value of L/C for the mice 
kept at 13° for 2 days. The values of L/C for the other groups do not differ 
significantly from the normal. The mean loss of body-weight, expressed as a 
percentage of the mean initial weight, for mice kept at 13° was 15 after 1 day’s 
fast, 24 after 2 days’ fast. The corresponding figures for mice kept at 37° 
were 15 and 20 respectively. The mean rectal temperatures of the mice kept 
at 13° ranged from 33-1 to 33-9°; those of the mice kept at 37°, from 36-5 to 
37-7°. The mean temperatures of the room at “13°” ranged from 12-6 to 
14-1°; those of the room at “37°” from 36-0 to 37-2°. The death-rate, 
expressed as a percentage, for mice kept at 13° was 4 after 1 day’s fast, 4 after 
2 days’ fast. The corresponding figures for mice kept at 37° were 8 and 24 
respectively. The mice that died were replaced in order that each group 
should contain 24. Each additional mouse was starved for the full period of 
1 or 2 days. 


EXPOSURE TO HEAT. 


Cramer (1928, p. 100) reported a lipoid decrease in the suprarenal cortex 
of mice kept for several days at 37-38° C. He did not describe the technique 
of his experiment, or state the number of mice examined. The following 
experiment was performed in order to test Cramer’s observation. 

Groups of 24 male white mice (91 to 112 days old at death) were kept for 
3 days in a room at 35-38° C. Each mouse was kept in a cylindrical tin 16 cm. 
high and 11-5 cm. in diameter. The sides and lid were perforated. The 
bottom was covered with sawdust, on which a disc of perforated zinc rested. 
It was thus easy to observe the amount of food present. The stems of a 
thermometer and of a drinking bulb passed through the lid. The errors of 
each of the 24 thermometers for the range 34-39° were determined before the 
experiment by comparison with a standard thermometer. During the experi- 
ment the thermometers were read daily at 9 a.m. and 8p.m. A thermograph 
was placed at the centre of the array of tins. Each mouse was weighed at 
the start and end of the experiment. Rolled oats were given twice daily. 

Results —The mean values of L/C for two groups of 24 mice were both 0-69. 
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This value does not differ significantly from the normal. All except 8 mice | 
lost weight, the mean loss for the 48, expressed as a percentage of the mean~ 
initial weight, being 8. The tin temperatures were corrected and rounded off 
to the nearest 0-5°. The highest and lowest temperatures observed were 
38-0 and 35-0°. For 91 p.c. of tins (including those containing mice that died) 
the extremes fell within the range 37-5-35-5°. The thermograms indicated a 
variation of 1° in the room temperature. The death-rate, expressed as a 
percentage of the total number of mice used (72), was 22 after 1 day, 8 after 
2 days, 1 after 3. These figures show (1) that the mice were kept in the 
neighbourhood of the highest air temperature they could tolerate, and (2) that 
most of the mice sensitive to heat died during the first day. The mice that 
died were replaced, each additional mouse being exposed to heat for the full 
period of 3 days. All the mice killed appeared well throughout the experiment. 


CHOLESTEROL FEEDING. 


Léwenthal (1925) and Leffkowitz and Rosenberg (1926) fed cholesterol 
and oil to 5 and 4 mice respectively. Kon (1927) and Kawamura (1927) fed 
cholesterol to mice in a manner not described. None of these workers observed 
any change in the suprarenal. Wolff’s (1927) observations after feeding 
cholesterol and oil are untrustworthy, since he used unilaterally suprarenalec- 
tomized mice (Whitehead, 19336). The following appears to be the first 
study in which powdered cholesterol was mixed with the ordinary diet of 
mice. 

Mice of both sexes were used. The numbers examined were: cholesterol- 
fed, 21; controls of the same age and sex, 13. Their ages at death ranged 
from 112 to 334 days. Cholesterol crystals were ground up with rolled oats, 
and the mixture made into.a paste with tap-water. About 2 g. of the mixture 
were given daily to each mouse. The daily dose of cholesterol was either 
0-05 or 0-1 g. The total amount of cholesterol given to individual mice ranged 
from 1-5 to 14 g., and the periods of feeding from 29 to 165 days. 

The values of L/C were found from right suprarenals. The image of a 
paraffin section (stained with hemalum and eosin) of each left suprarenal was 
projected on paper, the permanent cortex drawn, and the drawing weighed on 
a torsion balance. 

Results —The mean value of L/C for cholesterol-fed mice was 0-68, for control 
mice, 0-69. These values do not differ significantly. The mean weights of 
the drawings of glands from cholesterol-fed and control mice did not differ 
significantly. There was thus no evidence that cholesterol feeding was 
followed by cortical enlargement. 


DISCUSSION. 
The Nature of Lipoid Changes. 


Decrease.—A lipoid decrease in the mouse suprarenal has been observed 
(1) in the gland left in siti after unilateral suprarenalectomy (Wolff, 1927 ; 
Whitehead, 19336), (2) in starvation (Ponomarew, 1914; Hett, 1926; 
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Whitehead, present paper), (3) in infectious ectromelia (Whitehead, present 
paper) and, according to Bullock (Gye) and Cramer (1919), (4) after injection 
of B. welchii toxin. The other observations of Wolff (1927), and all those of 
Deanesly (1931), are untrustworthy because unilaterally suprarenalectomized 
mice were used (Whitehead, 1933b). — Wolff (1927) observed three types of 
lipoid decrease : (1) breadth of lipoid band decreased, lipoid density (7. e. the 
size and number of lipoid droplets in unit area) unchanged ; (2) breadth of 
lipoid band unchanged, lipoid density uniformly decreased ; (3) breadth of 
lipoid band and lipoid density both decreased. I have elsewhere (Whitehead, 
19336) illustrated all three types. The first type is much commoner than the 
other two. Changes in the breadth of the lipoid band are due to variations 
in the position of its inner border. The evidence so far obtained does not 
suggest that the histological type of decrease depends on the agent causing 
the decrease. 

Increase.—Cramer (1928, p. 121) concluded that massive infection leading 
to death in a few days causes lipoid to disappear, whereas in the intermediate 
stages of such infections lipoid is increased. I obtained no evidence of a 
lipoid increase in the early stages of infectious ectromelia. Since all the mice 
allowed to live until the 15th day showed signs of the disease, it is legitimate to 
assume that a high proportion of the mice killed at 1 and 3 days were actually 
infected and would have died in due course. A lipoid increase (after the 
initial decrease) has been demonstrated in the gland left in sit/i after unilateral 
suprarenalectomy (Whitehead, 1933b). Anselmino, Hoffmann and Herold 
(1933, 1934) stated, without producing evidence, that injections of anterior 


pituitary extracts were followed by a lipoid increase. My observations (19336) 
indicate that lipoid increases from without inwards. 


Lipoid as a Physiological Infiltration. 


Ponomarew (1914) and Hett (1926) regarded the cortical lipoid of the 
mouse suprarenal as a physiological infiltration. The three histological types 
of lipoid decrease, and the observations that (1) lipoid increases (after reduc- 
tion) from without inwards, and (2) the cortex of mice fed on fat or oils con- 
taining sudan III or scarlet R becomes stained progressively from without 
inwards (Ponomarew, 1914; Schmidt, 1924), could in fact be most simply 
explained by supposing that lipoid is deposited in the cortex from the arterial 
blood reaching the cortex from without. The facts that lipoid can be reduced 
by 2 days’ fasting , and that vital staining of the cortex disappears within 2 
days after withholding fat containing a fat-soluble dye (Ponomarew, 1914), 
suggest that in the normal mouse lipoid may be entirely renewed within a few 
days. The “lipoid load” at any moment would thus be the resultant of 
income and outgo. The relative frequency of a lipoid decrease of type (1), in 
which a narrow lipoid band of unchanged density is present near the periphery 
of the cortex, and the relative rarity of a decrease of type (2) in which lipoid 
density is uniformly decreased in a lipoid band of unchanged breadth, suggest 
that as a rule a lipoid decrease is due to increased outgo, and not to a reduction 
in the amount of lipoid reaching the outer part of the cortex. 
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The Cause of Lipoid Changes. 


Ponomarew (1914) thought that the lipoid decrease in infections and intoxi- 
cations might be due to starvation. In view of the rapidity with which a 
lipoid decrease can be demonstrated in starved mice (after 2 days’ fast at 13°C.), 
it is possible that the decrease observed in infectious ectromelia may have been 
due wholly or in part to starvation. There does not, however, appear to be 
any close relation between the percentage loss of body-weight and the occur- 
rence of a lipoid decrease. The loss was approximately 15 p.c. in the ectromeliac 
mice killed when ill ; on the other hand, mice starved at 37° for 2 days showed 
a loss of 20 p.c., but no lipoid decrease. 


SUMMARY. 


1. A lipoid decrease occurred in the suprarenal cortex of mice ill with 
infectious ectromelia. 

2. Evidence of a lipoid increase in the early stages of infectious ectromelia 
was not obtained. 

3. The suprarenals showed no lesions attributable to infectious ectromelia. 

4. A lipoid decrease was demonstrated in mice starved for 2 days at 13° C., 
but not in mice starved for 2 days at 37° C. 

5. The suprarenals of mice fed at 35-38° C. for 3 days, and of mice receiving 
powdered cholesterol for periods up to 165 days, contained normal amounts 
of lipoid. i 

6. Evidence that the suprarenal cortex enlarges in cholesterol-fed mice 
was not obtained. 

7. The nature and cause of lipoid changes are discussed. 

8. It is suggested that the histological appearances in glands showing 
lipoid changes could be satisfactorily explained on the view that lipoid is a 
physiological infiltration. 


I am indebted to Prof. R. A. Fisher, of University College, London, for advice 
on statistical problems ; to Mr. C. A. McGaughey for the suspension of liver 
from an ectromeliac mouse ; and to Prof. 8. L. Baker for criticism and for many 
helpful suggestions. The expenses of part of the work were defrayed by the 
University Committee on Grants in Aid of Medical Research. 
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